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CHAPTER ONE

LA

INTRODUCTION

I Flexible pavement recycling can be broken down into the

ma jor categories of surface, cold-mix, and hot-mix recycling.

E This report will only deel with asphalt hot-mix recycling.

The main factors which go into determining the selection, ‘
% 3
@' design, qQuality control, construction, and economics of the
ﬂ asphalt hot-mix process will be presented.
& Asphalt hot-mix recycling as used in this report has
;3 been defined by The Asphalt Institute as:
&

A process in which reclaimed asphalt pavement (RAP)

B materials, reclaimed aggregate materials, or both, are
o combined with new asphalt, and/or recycling agents, and/or

new aggregate, as necessary.» in 8 central plant to produce

hot-mix paving mixtures. The finished product meets all
standard material specifications and canstruction
requirements for the type of mixture being produced. *?

X

Although the idea of hot-mix recycling 1i1s not new, it

LN
e

took the oil embargo of 1973 to dramatically point out that

there was not an unlimited supply of inexpensive asphalt

o

. materials. Additionally, the availability of high quality
'*‘
‘,
w’ aggregate was becoming limited 1in many areas. This limited
] availability as well as rapidly increasing fuel prices for

[ &

I
r 4

excavation, crushings and hauling, was driving up the cost of

-
i h: aggregate. These factors combined to form the catalyst
U
0
b, Tre Aepbalt Institute., Asphsalt Hot-Mi» Rec,clirg
" (MS5-29)., 2nd ed, (The Acphalt Institute, CTollege Pard, Md.
1986, p. 1.

s¥s

iws
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E‘} needed to spur the development of standardized asphalt hot-
mix recycling procedures.

i As could be expected, the initial use of recycled
o materials was on a small scale, since the technology and
-

:.’C construction equipment for recycling pavements had not been
!{ sufficiently developed. By the early 1980°’°s, much work had
.- been done in the area to develop the technology and
:j constructicon eguipment to the point that asphalt hot-mix
- recycling was becoming an established and accepted procedure.

Asphalt hot-mix recycling must be looked upon as one of

C'Jfl many choices in the overall maintenance/rehabilitation of a
L]

flexible pavement. For this reason, the advantages and

disadvantages of asphalt hot-mix recycling must be kept in

o mind by the engineer making the choice of
. maintenance/rehabilitation methods. Chapter two will present
g_j the major factors which the engineer will need to keep in
’ mind when making this decision.
! Chapter three will then outline the requirements for the
- evaluation of the materials being considered for use 1n the
gj recycling project. The first major consideration in this
G evaluation process is the method for choosing representative
™ samples of the materials. Past construction records must be
E; reviewed for material composition, layer thicknesses., widths,
. and lengths, and number of lanes. With this information, the
N :j proposed project site should be divided i1nto sections for
& sampling purposes. One of the most effective sampling
e c
2y
-y
Al
.
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methods devised is random sampling based on a table of random
numbers. The properties of these samples must then be tested
in the laboratory. It should be expected that in general,
asphalt pavements which are candidates for recycling, can
have a comparatively high level of variability.

Chapter four will then present the mix design procedure
as advocated by The Asphalt Institute. This mix designr
procedure uses either the Marshall or the Hveem method. This
chapter will then present an outline of how both the Florids
Department of Transportation (FDOT) and the MWisconsin
Department of Transportation (WisDOT) are currently handling
asphalt hot-mix recycling design.

In chapter five, a view of an actual FDOT hot-mix
recycling project will be presented. This will include
looking at the 1initial Composition of Existing Pavement,
initial job—-mix formula, gquality control criteria and
following the various changes in the job-mix formuls
throughout the project.

Chapter six will present an overview of the construction

equipment considerations 1in the asphalt hot-mix recycling

EB process. This will include the reclaiming, plant, and

"

) placing processes.

&3 The economic factore which must be considered in the )
asphalt hot-mix recycling process will be presented 1n

’
¥ chapter seven. Cost is a major consideration 1n the use of

Ei the hot-mix recycling process. The main emphasis o0of this
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material will be the comparison of the economics of the hot-
mix recycling process to the conventicnal asphalt overlay.
Chapter eight will then provide a conclusion for the
material presented in the body of the report. it is hoped
that this report will be a valuable guideline for the
engineer in learning about the important factors affecting
the asphalt hot-mix recycling process. Hot-mix recycling
should be approached from the point of view that the final
product will be equal to or better than the original mix

design and that all current mix specifications are met.

. R e e e  h e o m e m e e A At A e e
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CHAPTER TWO

THE ASPHALT HOT-MIX RECYCLING ALTERNATIVE

INTRODUCTION

While this report is concentrating on asphalt hot-mix
recycling, in reality it should be looked upon as only one of
a number of methods of rehabilitating distressed asphalt
pavements, The main options to be considered are:

1. Patch

2. Patch and thin overlay

3. Patch and thick overlay

4. Reconstruct with all new materials

S. Surface recycle

6. Cold-mix recycle

7. Hot-mix recycle

The first step the engineer should take is to determine

the probable cause of pavement distress. In this process.,

the original pavement design and construction records should

be reviewed. Then field tests, including deflection and
visual inspection should be performed. Laboratory tests of
pavement samples shouid be included. All of this i1nformation

should then be snalyzed along with giving consideration to
expected performance, environmental influences, projected
traffic volume and weights, pavement geometrics, and

economics, to decide the appropriate rehabilitation method.

an




b po e aa- dal mai b gas e s Nak Gl Mo dak ga. Aati dley ded Sk Bk saf Aol Aoh Bahhol-ad A A M- A s o 4l a Ahh S Sia 4ih Aha 4ia Ake -Ah. SAha Al A%

This chapter will deal with the advantages and

disadvantages involved in the asphalt hot-mix recycling

b
' process. These items should be kept in mind by the engineer
K. in deciding if hot-mix recycling should be chosen or not.
I ADVANTAGES
The following is a list of some of the major advantages
of hot-mix recycling:
. 1. Significant structural improvements can be made.
: 2. All types and degrees of pavement distress can be
? treated.
3. Reflection cracking can be eliminated.
v? 4. Geometrics can be maintained or improved.
S. Ride quality can be improved.
6. Skid resistance can be improved.
7. Aggregate 1s conserved.
8. Asphalt cement 1s conserved.
?. Energy consumption is reduced.
. 10. Construction costs are lower than for overlays
i using all new materials.

¥ If the pavement has deteriorated to the point where it
b "

A has 1nadequate structural capacity, hot-mix recycling can
j restore the lost structural capacity. Alsoc, 1f the current
~ or projected traffic data show that the structural capacity
,

b of the pavement must be increased, then hot-mix recycling may
A' be 5 viahle alternative. The pavement would have had tc show
- =}
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signs of distress, otherwise an overlay would be a more
logical choice though.

Since hot-mix recycling involves removing the existing
asphaltic concrete materials and designing a new mix, all
types and degrees of pavement distress can be remedied. For
instance cracks will be removed. If stripping bad been a3
problem, anti stripping agent can be added to the recycled
mix. If problems were the result of an inadequate base, then
the bituminous materisls would have to removed anyway to

correct this situation, and recycling should be considered.

Reflective cracking can be a large problem with
overlays. Hot-mix recycling will eliminate the crack rather
than just covering it over. This will effectively eliminate

reflective cracking.
Geometric considerations in hot-mix recycling can be
very considerable. Vertical clearances can bhe maintained ard

this becomes critical in areas such as with overpasses. Curb

and gutter lines can be maintained. The need to raise
manholes 1 urban areas can be reduced as well. Hot-mi»
recycling also eliminates the need to ad just shoulder

elevations unless the total pavement thickness i1s much
greater than the original pavement.

A significant indication of pavement distress can be
seen 1n the degradation of ride quality. Hot-mix recycling

will restore the ride quality through elimination of ruts,

cracks, etc.. which degrade the ride gquality.
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Skid resistance can be restored to a pavement during
hot-mix recycling. Additional aggregate with improved skid
resistance qualities can be added to the recycled mix. Even
without adding significant quantities of new aggregate, the
skid resistance could be improved through reorientation of
the aggregete within the mix.

The hot-mix recycling will also conserve aggregate.
There are many locations where high Qquality aggregate is
becoming increasingly scarce. Re-utilizing the aggregste
already in place makes good environmental as well as economic
sense.

Asphalt cement will be conserved as well. As o1l prices
remain high, the cost of asphalt cement will remain high as
well. As with the aggregate., recycling the asphalt cement
makes good environmental as well as economic sense.

The hot-mix recyclinrg process also helps to conserve
energy. The amount of energy conserved will depend on many
factors. Factors such as project location, amount of RAP in
the mix, plant type and configuration, etc., all play a part.
These factors will be discussed in more detail in chapter
seven,

The bottom line that makes hot-mix recycling so
attractive i1s the fact that the costs are less than for
overlays using all new materials, The ability to conserve
aggregate. asphalt cement, and energys all combine to reduce

the total cost. The additional costs of milling or breatbking
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up and handling the RAP do not negate all of the potential
savings involved. Chapter seven will discuss the ecoromics

of hot-mix recycling in greater detail.

DISADVANTAGES
The following items can be looked upon as disadvantages
or really more accurately as obstacles to the hot-m,.»
recycling process:

1. Improved quality control is required from start to

finish,

c. There are potential air pollution problems at the
planmt.

3. It can be difficult to keep excess moisture out of
the RAP.

4. There may be a lack of qualified contractors in the
area.

Quality control in the hot-mix recycling procese 1s more
involved than in convenrntional paving. Projects which are
candidates for recycling cen normally be expectec to e-hibat
a lot of variability in materials. The materi1al properties
wlll show this variability for numerous reasons. Some of
these are from previous maintenance which would 1ncluge
patches, seal coats, joint sealers etc., the prcj)eczt ares ms3,
include the work of several ori1ginal contracte to construct

the rosd, o1l droppings from cars and trucks wl.l be cn the

road, and areas which exhibit bad cracking will nmnormall, ha.e
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higher asphalt cement viscosities. With these prob.ems,
Quality control measures have to be taken seri1dusl!,. Chagter
three will discuss methods of sampling the existing materials
to help cope with this expected variability 1n materi1al
properties.

AN envirommental conrnsideration which comes 1nto play 1M
this process 1s alr pollution at the plant, The main problem
asscociated with recycled mi1xes 19 the opacity of the
emissionrs from the plant. This 15 mostly controlled by the
des:gn of tne plamt and the qQuantity of RAP used in the mix,
This will be discussed further 1n chapter six.

It 1= fairly easy for moisture to get 1rto the RAP
material 1f 1t 1s not protected. When excess moisture does
get 1ntn the RAP, 1t can lead to problems at the time of
mi1x1ng. A longer time in the plant will be required to drave
off tre ercess molsture and this can cause a large drop 1n
p-oguictivrty., This moisture will also cause the opacit, to
1ncr ease.

I[f hot m1« rec,cling 1% new to an area., there msgy be a
problem due to the lack of experi1enced contractors, This
alen means a pcssible lact cf proper equipment. The
popularit, cf Pot-mix recycling 18 such trat this problem 15
di1sappearing 1n most parts of the countr, though. If 1t does
arpear to be a pranlem 1n a partiZular area, proects must be

sufficirert]l, 13°3e to ei1ther s3tt-act ar ocutsir1de cotractor or

tc enable a lz--al comtractor t3o rusti T, the purchace of the
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equipment. Future hot-mix recycling projects must ther be
developed and this 1nformation passed on to the contractors

in order to maintain their 1nterest.

CONCLUSION

Hot-mix recycling is one of many alterrmatives for the
rehabilitation of a pavement. It is one that does have man,
significant advantages and few disadvantages. When choosing
the appropriate alternative, the engineer must have some
familiarity with all of his c¢cptiones. This chapte- has
highlighted the key advantages and disadvantages 1n the hct-
mix recycling process. There are many sources of i1nformation
concerning the other alternatives. The Asphalt Institute 15
an excellent source of this information.

The advantages of hot-mix recycling have lead to a
tremendous increase in the acceptance and use of thas
alternative. Hhile 1t is clearly noct the appropriate choice
of altermnatives in all situations. there are a significant
number of projects which could benefi1t from it. It 15 hopedg
that the information presented 1N this and subsequenrt
chapters will help the engineer to understand more about this

ey alternative and allow him to choose 1t appropriatel..

1t
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CHAPTER THREE

EVALUATION OF MATERIALS

INTROGDUCTION

It shoula be expected that 1n gereral, asphnalt pavements
which are candidates for recycling, can have a comparatively
high level of variability. With this 1n minc, the methods
chosen for obtaining representative samples of the exi1sting
materi1als. become very 1mportant. This chapter will present
a random sampling method which has proven effective cocn actual
hot-mix recycling projects.

Once representative samples of the reclaimed asphalt

pavement (RAP) have been obtai1ned., the composition must be
determined. This should 1nclude:

1. Aggregate gradation

2. ARsphalt contert

3. Aspnalt viscosity at 6&C deg C (14D deg F.
and or asphalt pernetration at 25 deg C (77 geg F»
It should be noted that the crushing cr milling of the
RAP w1l alter the gradatiom™ of the aggregate (i1ncrease the
percentage of fines:'. Therefore, sampiles testeag should be
representative nf tre coid feeo sStoick plrles at *he S i3t

si1te. Some states 1ncluding Flori1gda. na.e de.eicpec & tab:e

of factors to rom,ert ftre gradaticn of tre e-1s*1ng [ a.ever”

'e}

to the gradaticn which will e.1st after m:ll."G. Trie tatle

will be presented. but wiCoald only ne .alic o tte T




aggregate used 1 Florida. It sti1ll onl, pro.i:des a3~

r 6K

appro=i1mati1on though.

Samples of tne possible new asphalt anl/or recycling

agents and new aggregate should be at hang. These samples

v

L2 .
along with tre Jata cbtained from the ex1s5ting matecials will

form the basi1s for the mix design,

X

~

=

RANDOM SAMPL ING PROCEDURES

Since .av1abili1ty 15 to De expectrec 1 the recy,cii1ng

. .lu

¥
s

pro-ect. one of the most effective samp!l!:ng procedures 1S

1

knNCcwn 35 randcm sampling., For a hot-my ~ recycling project.

=R}

fa.r types of sampling plarns are possitble. These are for

T

samp.1ng 1n-nlace pavements, milled or proccessed HAF from

) . trucws, stoc+p. les cf RAP us1ng power equipment., and
stHhcipiles 2f RaAP without usi1ng Dower equipment. Tre
: Es procedurese oLtilned bpelow for eact of these planrns, are bacec
.
a7 *re Clavs de.e.Cped. tested, ard precertel 1 n e Asr it
Q I"stit Lte Feceqar 2= Report No. Be-2.
i o
o:"
PLat, FOF SAMPL [Hh PQUEMENT™S 1t R LTE
G 1, ‘n.esti3arte ronstr LCtiocr &l ma.cterarce ce" 1 lg 377
-
™
dete v e a3 near | . as cossible tre Los vt St v
Ca.emer * a. 71 tre "o adwa. L e et . e, “€ELarate *"e
La.emest LT S N S U S te oy raLe S L
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T = If the <cormstruction unit 15 two lanes wide, Qi1vide
o
o each constructicn unit 1nto s1x to ei1ght sections of equal
I' length. Ramgomly select one sampgling location 1n each lane
An
I
" . of eacr section,
h o
»
N i 3. I1f the construction unit 1s only orne lane wide,
¥
, divide the length i1nto 12 to l& subsections of equal length
g
ﬂ and select one random sampling location 1n each section,
¢
v A
7 “., Obtain onrne sample of pavement at each sampling
N w lozatior nf sufficient si12e, at least 1S pounds, for
“i
o
- -
~: e«tracti1cr ang recovery testing. There shouldg be i to 16
I
"o,
S samples or more to pe tested indivigually fcr  each
.
corstruction unit.
."':
<.
R,
. FLwt FOR SAMPLING MILLED OR PROCESSED FAP FROM TRUCHS
. .‘ 1 In/estigate construction amnd maintenance records and
o
| ) -
4 Jetermire as cCclosel, as possible the compocsiticrn of the
.
N
paveme~* ainng the roadway to be recyclec. Separate the
l. La.ement .Nnto constrauctilon ur1ts that nave si1mila-
-
': i caomr ool t i,
B = Ti1.1de tre producticr anto 12 tc 1& (one 07 two da,
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should be a total of 12 to 16 or more samples to be tested

individually for each construction unit.

PLAN FOR SAMPLING STOCKPILES OF RAP USING POWER EQUIPMENT

1. Investigate records of the owrer of an existing
stockpille to obtain information about the source and
composition of the material 1In the stockpile.

c. If the stockpile consists of unprocessed slabs, or
has been sitting for a long time, it may be necessary to
process the material before sampling.

3. If the material appears to be uniform 1n composition
and from one source, proceed to step 6.

4. If the material is from different sources, 1f
sources cannot be i1dentified, or 1f the material appears to
be of different composition:

A, Thoroughly mix or reprocess the stockpile into
one unmiform lot, or

B. Separate the stockpile 1nto uniform-appearing
lots and treat as separate stockpiles.

5. Since appearance alormre cannct guarantee umiformit,.
tne stockplle should be sampled 1n such a way as to enable
ncn-uritaormity to be detected.

£ Using a3 rectangular graid-pattern, divice the
stocepile 1mto blocks of appro»i1matel, 2.000 tons eachH. The
clocks a2 3711 patterrs nmneed not be square cr rectangular

StAapes. o Elocks shoulg co.ev appro-i1matel, *te same area
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or qusantity of material. A minimum of 12 to 16 blocks should
be selected.

7. Number the blocks in a reqgular manner.

8. Select X - Y coordinates for the sampling point in
each block using a random number procedure. This mav be done
by selecting two random numbers from O0.1 to 1.0 and

multiplying them times the length of the X and Y sides of the
blocks to locate the coordinates in feet. Use the same
relative origin in each block.

Q. If peaks or valleys occur in the stockpile to such
an extent that the nrormal sampling plan 1s not effective,
then either rework the steockpile or modify the sampling plan.

In some cases, the stockpile may be subdivided into smaller

lots. In others, substitute random samples from a higher
level for samples that would be located where there 18 a
valley.

10. Using a front-end loader, obtain approximately 1

ton of material from each randomly selected lcocationrn in the
section at the upper third level and one similar sample from
the lower third level of the stockpile. Record the location

of earh sample.

11, Using the method of Qquartering or a large sample
splitce, reduce eacn one ton <cample to a sample of
sufficiernt si1ze. at least 1S5 pounds, for ertractiorn and

recovery tecting and for possible use 1n mi1x cesign,
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PLAN FOR SAMPLING STOCKPILES OF RAP WITHOUT POWER EQUIPMENT

1. through 8. - GSame as for with power equipment
available.

9. By hand, remove one to three feet of material from
the top of the pile at each sample location and carefully
remove a 195 to 25 pound sample. Record block and location
within the block.

10. If the stockpile is two layers in height it may be
impossible to sample the interior of the bottom layer of the
stockpile. Therefore. the bottom layer should be sampled
from the side, using only the outer blocks. Use a new set of
cocrdinates and locate the samples along the Y axis (X
ccordinate = 0), at about midheight. Cut a vertical face
about two feet into the stockpile face and remove a 15 to 25
pound sample. Record block., layer number and location within

the blocw.

SELECTING SAMPLING LOCATIONS
The preceding sampling procedures require the selection
of an actual sampling location to be random. There are many
ways in  which this could be done. The following method was
the one used 1in The Asphalt Institute Research Report No. B84-

2. for the hot-mix recycling projects it studied.
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SAMPLING FROM THE ROADWAY

1. Designate sections or blocks as specified in the
sampling procedure being used.

2. Determine the number of sampling locations within 3
section as specified in the sampling procedure being used.

3. Select a column of random numbers in Table 1 by
placing 28 pieces of cardboard 1 inch sqQuare, numbered 1
through 28, into a container, shaking them so that they
become thoroughly mixed and drawing one out.

4, Go to the column of random numbers identified by the
number drawn from the container., In subcolumn A, locate all
numbers equal to or less than the number of sampling
locations per section desired.

5. Multiply the total length of the section by the
decimal values in subcolumn B, found opposite the numbers
located in subcolumn A, Add the result to the staticn number
at the beginning of the section to obtain the station of the
sampling location.

6. Multiply the total width of the lanmne (or lares) in
the section by the decimal values 1n subcolumn C, found
cpposite the numbers located in subcolumn A. These are the
offset distances from the pavement centerlime at which the
samples are to be taken.

7. Repeat the procedure for esch section.
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TABLE 1 - RAMDOM NUMBERS FOR GENERAL SAMPL ING PRQOCEDURES
(FROM THE ASPHALT INSTITUTE RR-84-2)
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TABLE 1 (CONT.) - RANDOM NUMBERS FOR GENERAL SAMPLING
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SAMPLING FROM A STOCKPILE

1. Designate sections or blocks as specified in the
sampling procedure being used. Designate X - Y coordinates
as described in the sampling procedure.

2. Select a column of random numbers in Tatble | by
placing 28 pieces of cardboard 1 inch sguares, numbered 1
through 28, into a container, shaking them so that they are
well mixed and drawing one out.

3. Go to the column of random numbers identified with
the number drawn from the container. In subcolumn A, locate
all numbers equal to or less than the number of sampling
locations 1i1n each block or section. The corresponding
numbers in subcolumns B amd C may be used to locate the X - Y
coordinates for one block or section.

4., Multiply the total length of the block or sectiocn in
the X directicon by the decimal values in subcolumn B. found
opposite the number located in subcolumn A, to find the
length of coordinate X. Multiply the width of the block or
section in the Y direction by the corresponding decimal value
from subcolumn Cs to find the length of coordinate V.

5. Repeat the procedure for each block or section.
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FLORIDA DOT AND WISCONSIN DOT SAMPLING PROCEDURES

The Florida Department of Transportation (FDOT) utilizes
the following gerneral sampling procedures for characterizing
the existing materials:

1. Review the existing construction records and/or
prior sampling records for the proposed project area to
identify changes in the existing materials.

2. Review the variation in degree or class of cracking
throughout the project area. Identify areas of high cracking
which may have asphaslt viscosities which may greatly exceed
those 1n ovher sections of the roadway.

3. Take a minimum of three 6 inch cores per lane mile.
Consideration should be given for the factors found in steps
one and two in choosing the locations in order to arrive at a
representative cross-section of the project. This
preliminary 1nformation is used for bidding purposes on the
project as the Composition of Existing Pavement.

G, If the contractor plans on wusinrg milling on the
project, he must use the following procedures for obtaining
representative samples for his mix design:

A. The contractor must cut 10 six—inch cores in
locations which are to be designated by the Bureau of
Materials and Research.

B. As an alterrativey, he may mill the pavement to

the full depth shown on the plans for pavement removal faor a

22
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length of approximately 200 feet. Samples of this m:illed
material are then used for the mix design.

cC. Any variations to the above two methods must
be requested in writing to the State Materials and Research
Engineer.

5. When the contractor is using RAP stockpiled from a
previcus FDOT project and the Composition of Existing
Pavement is known, the contractor can use the existing
information on the RAP to design the mix.

&. When the contractor wants to use stockpiled RAP
where the composition i1s not known, he must use the following
procedures:

A. The contractor must submit a bag of RAP, made
up of material sampled from several locations within the
stockpile, to the Bureau of Materials and Research at least
four weeks prior to the start of his mix design. The
Department will rumn viscosities on the asphalt recovered from
the RAP and provide this information to the contractor.

B. The contractor must run at least si1x gradation
analyses of the RAP. The samples of RAP are to be taken from

random locations from the stockpile.

C. The contractor must then request the District
Bituminous Engineer to make a visual 1inspecticn  of the
stockpile. Based on the visual inspection. the District

Bituminous Engineer will determirmre the suitability of the

stockpile.
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D. When the contractcor submits hi1s proposed mi»
design for approval, he must 1nc lude the resulte cof the
extraction gradation analyses required above.

The Wisconsin Department of Transportation (W1sDOT) uses
the following general procedures for obtaining reprecentative
samples of the existing pavement materials:

1. For preliminary testing of the materi1als prior to
preparing the project plans and specifications, Wi1sDCT
requires:

A, Semples should represent pavement edges. lanre
centerline, and wheel paths.

B. Samples must be taken from enough points along
the length of the roadway so that a composite sample will be
reasorabl, representative of the total cross-section of the
material to be recvcled.

c. Sampling Zan be by eight 1inch cores or
equilvalent si1zed fpileces obtained by chisel or sawing.

2. For finmnal mix design, Wi1sDOT requires that the
samplies be taken from the milled or processed RAP, No
speci1fic sampling methods are mentioned for obtaining the
samples, however the 1mportance of obtaining representati.e

samples for testing i1s emphasized.
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SAMPLE TESTING

Orce representative samples have beer obtainec, tre

composition 1s normally getermined through tests for:

A, FAggregate Gradation

B. Asphalt Content

c. Asphalt Viscosity at 60 deg C (140 deg F)
and or Agphalt Peretration at 25 deg C (77 deg F)

Aggregate gradation 1s obtained by running &8 Sle.e
analysis on tre recovered agqgregate portion of the RAP, Tre
starda-d tests are ASTM C 117 and C 136 (AASHTO T 11! andg T
7. The final mix desi1gn should be based on the properties
which the RAP wi1ll have at the cold feed stockpile of tre
plant. The reason for this 15 that the milling or crushing
operations will alter the aggregate gradaticn by 1nCcreas.:ng

the percentage of fines.

Samples which ha.e been taken through cores 10 the
ex1sti1ng pavement wlll not ha.e trh1s final aggrengate
gradaticn. Some state=e, 1ncluding Florai1da, have de.eiopea 5

table which will provide an estimate for the gradation of the
RAP after milling. Table 2 provides these factcrs for tte

State of Florida.
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TABLE 2 - ADJUSTMENT FACTORS FOR GRADATION AFTER MILLING

(FROM FDOT ASPHALT PLANT TECHNICIAN CERTIFICATION STUDY GUIDE)

. Sieve Size Coarses Intermediatess Fingees
}: 374" 1.C0 1.0C 1,03
N

12" 1.03 1.02 1.0¢
"' 38" 1.06 1.03 .o

#a 1.16 1.08 1.0
k‘\
I
Ly 410 1.26 1.12 1.00
" #ao 1.27 1.13 1,00
0‘\
‘ta

#80 1.49 1.25 1.12
‘A
i #2000 1.84 1.42 1.21
- - Coarce Mixes - Type 1, Binder., Type S5, FC-2., and ABC-3
-
" L Intermediate Mixes - Type 11 amd 111, FC-1 and «, ABC-2
i, e Firme Mixes - SAHM and ABC-1
. To e.aluate the asphalt content, the standard method
N

used 1s ASTM Desigration D 2172 (AASHTO T 150, The test
! allows fror tre Qquanti1tative separation of the aggregate and
e asphalt. The aspnhnalt content 15 then determined on the bacsis
-~
- f the relative weights of the extracted asphalt ard

&
e aggrejate.

The extracted asphalt carm be reclai1med from =olutior b,

ASTHM Met-nc L 1689Ss (AARSHTO T 170, Its viscosi1t. at 60 deg C
cles deg F oca~ ne determined using ASTM D 2171 RECHTO T

v e . Stardar i peretration tests could ale~ be run 1 f
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- NEW MATERIALS
New asc~al* cere~t., rec,L LT3 ajerts., 33. €La*® a3
. «3r12us add:tives Sulthn as anti-st-.ior NG agze " *"s mLet e
. evaluatec 1r preparatiorn for the mi- Jdesi13n - Toese.
.‘-
New aschalt cemners whioh .5 addec rte e e, eI T
9 ser.es twC mai™ purposes. [t 1ncreases t"e t-ta., 3SCTa."
“omtent up tI the ogtimum aTns Lot fcr tre T, a7 O G - R
L wltr the agec aspralt tc procuce ar asghalt —.ert meetirs e
Ll decs17e2 .15C251%,. —_ommen asphalt cemerrtg P -2 B S
"
5 _
rec.cling a~e LC-10, AT-9 nor AC-2.S aAR-« , &kR-= T et
n'.'
E | SR HS -1, 127-1%9  or 20 -3¢ per. . Treces asnt st
tements stoula meet the requlirements Phd sta~ca
SN
b A - " _ _
RN speci1fizations ASSTM D 338! cr D Fes (AASKHTI M 2Ze or M = .
3
1
e Rec,cling agents can be used 1n agdi%12r tC o e .
cf ag3i1ng rew aspralt cemert to the rec,-lem mi~-. Fer .z .1 3
= agents are crgaric materials wlth chem:iza. a~2 £m.=i1Z48:
charatteristics seiecte to rest--e tre 3ge acg"sit tevs
! to tre desirec specifizatione., Thne ma1r cz-c.dJerat:ic- et
W, To1mrg the .15%Cns1t, of the a3gec asgra. TeTeT " -t
‘e
l;..
! spe~1fi1zations,
ﬁ Pec,2l17gy ager*s are iSaal e‘te t L, e L
L
d- 3wt antv at this po1nt 1 T ime = MR tre & 3 ~
- ~atinrwide  Americar s+ardar 2 csce 1t a3, o . SRR
.
- materi13a.s. A Pas g far Coast Jorfere A e s
- Producers adooted a sev R tEtat e Cre Lt At -
. rec,~lirng agen*z 17 1072, Trece g%yt N ¢ e B
b
. -
N
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ﬁ MNew aggrega‘te can be any aggregate whiZh 1% normal.
-
Jgeed fo- nhot-mi1- asphalt corcrete. It should be kept 1n mi1nagd
that 1t must te blended wilth the reclaimed aggregate to meet

tre ~equlired sceci1fication though. It stoulo alsc te kept 1n

mi~3 2 tre recycled mix 1s to be used as a8 base

n

to whether
or s.urface ccurse.

~Tditives suZh as anti-stripping agents must be lcnied

s A

R |

rl'-.'

v e
V-

v

g
Pl RS

at az wel.. St-i1ppi1ng depends ma:inly on the aggregates. If
*fe -=-laimed aggregate showed a problem of stripping, trmen
tme =z, ied mL- wouldg show the same tendenc,. Arta -
st iggo.ng  agent wou.d ther be reguired. Tre blenag cf
azz-e3a%es shouid be checked for resistance to stripping.
Tre 1mrerg10r Ccompression test, "Effect of Water on (Coresion
cf Zormpactez Bituminous Mix<tures,' ASTM Desigration D 10795
AL T T T 1= ca~ be used. The retained strengtt shouldg
2 ~ee: 79 ce-cert of the ari1ginal stremgth.
CONCLUSION

T~ rraoper craratterization of thne eri1sting Taterials 15

e-trere ] imcocrtart to tre entite hot-max recvcling procecs.

Tre satplltg p.ar crhnser foyr the prcoert 1s crirtical, Tre
res_l%s of rre tests 0O~ the varl1oue samples wili srow the
- =R S LTowha T the my e desigr o will have to o go.
e SATE L LG Tians and techr . gues cutlinen 17 toas
rac ter 3t e gnartec fov 3r, coCec! Esiress 1 ng
23
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. ﬂ judgement as to how much sampling is enough will come i1nto
N
: play. Inadequate sampling can lead to inadeguate mix design
. . and costly future change orders. Too much sampling can be
}3 s very expensive and time consuming.

The wvariability of the samples may lead to the

conclusion that more than ore mix design will have to be

[ ] -
o
j used, or that significant mixing of the RAP will be needed to
‘N
4 b obtain a more wuniform product. On the other hand, the
Y 7: variability may be small enough that it will not
)
) -

L
S sigrnificantly affect the mix design. An analysis of the
‘8
. . . . .
. variances found will be required in order to make these
E W
; determinations.
: . Wtth the existing and new materials properly
‘
‘N characterized, the hot-mix recycling mix design process 1is

ready to proceed.
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V .-'_: CHAPTER FOUR

i

:'o . HOT-MIX RECYCLING DESIGN

‘ o INTRODUCT ION

::! ~ This chapter presents the hot-mix recycling design
! procedure as advocated by The Asphalt Institute. This mix

O

. " design procedure uses eilther the Marshall or the Hveem

". f;'; method. The following steps summarize this procedure:

% ? 1. Determine the aggregate gradation, asphalt content,

: = and viscosity of extracted asphalt from the RAP.

;:. E 2. Determine the gradation of the reclaimed aggregate

:: . material and/or new aggregate.

o .

o ::;«' 3. Calculate the combined aggregate gradation in the

E; . recycled mix.

L

'\' 4., Approximate the asphalt demand of the combined

E- aggregates.

K- -

L S. Estimate the percent new asphalt and/or recycling

. ,,. agent 1n the mix.

j . &. Select grade of new asphalt and/or recycling agent.
»*

:? 2 7. Conduct trial mi» designs by the Marshall or Hveenm

_ E methods.

-~ - 8. Select a job mix formula.

o

This chapter also presents an ocutline of how bott the

Florida Department of Transportation (FDOT) and the Wiscorsin

S Depar tment of Transportation (W1sDOTH are currently

BV LS Y

293
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;‘ o conducting asphalt hot-mix recycling design. These states

4, )

i' currently use asphalt hot-mix recycling to a large degree.

N} £
-

Ay
’

THE ASPHALT INSTITUTE HOT~-MIX RECYCLING DESIGN

AN

0 In starting the mix design, the existing and new

material properties found from the methods discussed in

T
=N

f'.; Chapter Three, should be known. Additionally, the
Tl

M »

K specification required for the recycled mix should be
. o~ established. This means that at least the aggregate
R

-: gradation, asphalt cement viscosity range, minimum stability,
S and percent air voids (normally a 4 percent minimum), should
i S

i
) be established.
S

N A trial percentage of RAP in the mix should be
N

: ir established. This amount should be the highest percentage
\ that would be considered to be practical. The type of plant
: ﬁ; which will be used on the job will often govern the maximum
s

N amount of RAP. In general, batch plants can handle wup to 30
: ! percent (without some type of auxiliary method of preheating
AN
L - the RAP), with 10 to 35 percent being the most practical
v
S

3‘ a range. In general, drum-mix plants can handle up to 70

:v percent, with the most practical range being 10 to S50

AT

PR

]

: percent. The amount and viscosity of the aged asphalt may
S e
kﬂ Q: 3also become a limiting factor on the totsl percent RAP in the
SN mix.,
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Steps 1 and 2 - These steps (as listed 1in  the
introduction to this Chapter) will have already been
completed at this point.

Step 3 - The combined gradation of the aggregate in the
RAP and the new aggregate must be calculated. This gradation
must meet the specifications established for the project.
After the blend of aggregate has been ectablished, the totsal

amount of new aggregate is expressed as r, in percent of the

total aggregate in the mix (expressed as a whole number, i.e.
50% = 350).,

Step 4 — The approximate asphalt demand of the combined
aggregates must be calculated next. This can be done by

either using the Centrifuge Kerosene EqQuivalent (CKE) test or
using the following empirical formula:

P = 0.033a + 0.045b + Kc + F

where:

P = approximate total assphalt demand of recycled
mix, percent by weight of mix

a = percent (expressed as a whole number) of
mineral aggregate retained on the No. B8 sieve

b = percent (expressed as a3 whole number!) of
mineral aggregate passing the No. 8 sieve and
retained on the No. 200 sieve

C = percent (expresses as a8 whole number) of

mineral aggregate passing the No. 200 sieve




and/or recycling agent tao be added

recycled mixture can now be made.

“,

Ana e Ade A Re i

K = 0.15 for 11-15 perc. passing the No. 200 sieve
0.18 for 6-10 perc. passing the No. 200 sieve
0.280 for S perc. or less passing the No. 200
sieve
F =0 to 2.0 percent. Based on absorption of
light or heavy aggregate. In the absence of
other data, a8 value of 0.7 is suggested.*®
With the approximate total asphalt demand calculated, a
basis for a series of trial mixes 1is established. Trial
mixes normally vary the asphalt content in 0.5 percent
increments on either side of the approximate total asphalt
demand.
Step 59 - An estimate for the quantity of new asphalt

to the trial mixes of the

This gquantity is expressed

as percent by weight of total mix and is calculated by the
following formula:
-t
- (1008 - rP,,,) P, (100 -= r) Pa,
Pr‘\ -
" 100 (100 - Pgn) 100 - Pun
where:
P, = percent™ of new asphalt in recycled mix
r = percent” new aggregate as calculated in
step 3 above
2The Asphalt Institute, Asphalt Hot-Mix Recycling (MS-
20), 2nd ed., (The Asphalt Institute, College Park, Md.,
1986), p. 12.
34
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o

e P, = percent~”, asphalt content of reclaimed

.-.'

asphalt pavement asphalt demand,

- 4

determined by CKE or empirical formula

L

] - in step 4 above
.f Pa.. = percent*®, asphalt content of reclaimed
! asphalt pavement
v S
~
- * - expressed as a whole number
- o Step 6 - The selection of the grade of the new asphalt
5 Lagd or recycling agent 1s next. First the percent of the new
§ BN
L' T
? asphalt, P,y to the total asphalt content, P.,, is calculated
L4
o & by the following formula:
e
"' \.: 100 Pnl:)

s R="5__

| 4]

oS The grade of new asphalt and/or recycling agent is
‘u
] g determined wusing a log-log viscosity versus percent new
\
[\ -
_'" ‘r asphalt blending chart. An example of this chart is shown in
N~
- Figure 1.

‘

To use the chart, plot the viscosity of the aged asphalt

»

',;: in the RAP on the left hand vertical scale (point A). Draw a

SN

:." 'j vertical line representing the percentage of new asphalt, R,

.;‘ .

i calculated above and determine 1its intersection with the

_J “ horizontal line representing the target viscosity (point B).

ﬂ'

-._‘» :’_: The target viscosity is usually the viscosity of the mid-
A

< A range of the grade of asphalt normally used in new mixes for

E; the project location. Then draw a straight line from point A,

\j .~ through point B and extend it to intersect the right hand

o~ " scaley, point C.

: C,: 35
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FIGURE 1

]

EXAMPLE ASPHALT VISCOSITY BLENDING CHART

(FROM THE ASPHALT INSTITUTE MS-20)
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NEW ASPHALT OR RECYCLING AGENT IN BLEND,

R, PERCENT BY WEIGHT
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:ES .:E Poinmt C then represents the viscosity at &0 deg C (140

4 ;

i deg F) of the new asphalt and/or recycling agent required to
4 i blend with the asphalt in the RAP to obtsin the target
is E: viscosity in the blend. The grade of asphalt and/or
és ~ recvcling agent which has a viscosity range that irncludes or
At !‘, is closest to the viscosity at point C will then be selected.
;g N Sometimes the engineer may wish to wuse a certain grade
SRS

%& :: of asphalt cement in the mix design and then add recyzling
\',f? agent to the mix to give the desired target viscosity.
Ei - Figure 2 shows an example of how this 1s dorme on the same
;& 53 blending chart as just described.

s wler

‘_ _ In the example shown on Figure 2, point A represents the
P

£i;ti viscosity of the aged asphalt (100,000 poises). Point B 1is

s a a A

"r‘- )
-

then found using a target viscosity of 2,000 poises and a

value of R equal to 357 (the equation teo calculate R was shown

r.2.%a

; earlier in this step!. The line projected through points A

N
[}

by et

N

and B, locate point C (180 poises).

-

~ The engineer has decided to use an AC-20 and a recycling

e
l.‘-

e agent with a viscosity of 1 poise in the recycled mix design.
ASrSAN

LS

'j o To calculate the blend of these two components to give the

:{ &: required viscosity of 180 poises (and wultimately blend with
h‘ " -‘

o . .

ﬁ\ the aged asphalt to meet the target viscosity of 200Q
Y

f~ '-~

L7, o poises‘s, point D is then plotted on the left hard vertical
\; - scale at 2,000 poises (target viscosity). Point E 15 then

SO

. d o8¢ '

<3 plotted on the right hand vertical scsle at 1 poice
h g' {viscoseity of the recycling agent to be used). Point F 15

' b

R \j- 'y 37
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(FROM THE ASPHALT INSTITUTE MS-20)
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located Cy finding the point on line D - E which has a
viscosity of 180 poises. Projecting point F dcwn to the
horizontal scale shows a value of R equal to 22 percent.

This result indicates that a tank of AC-20 which
contains 22 percent of the recycling agent should ha.e a
viscosity of 180 poises. This combination will then blend
with the aged asphalt to meet the target viscosity cof 2,000
polses.

The Asphalt Institute does suggest that when selecting s
grade of asphalt cement for recycling, that the following
guide be used:”

Up to 20% RAP - No change in asphalt grade.

21% RAP or more - Do not change more than one grade

(i.e. from AC-20 to AC-10).

Step 7 - Trial mix designs are then made using either
the Marshall or Hveem apparatus. Table S provides the
formulas needed to proportion the materials for asphalt
contents by Etoth weight of total mix and by weight of

aggregate.

'The Asphalt Institute, Asphalt Hot-Mi>» Recyclirg (MGS-

2N). 2nd ed. (The FAsphalt Institute, College Park. Md..
19865, P . 16,
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A S TABLE S

FORMULAS FOR PROPORTICNING MATERIALS FOR
i RECYCLED HOT MIXTURES
(Where tleng of aggregates in the mix 1€ rept corstant)

o (FROM THE ASPHALT INSTITUTE MS-20)
N
I “'"’“’Fb?’A_sBHa_u_g:_cnm: -
, g I bywtoftotalmix by wl of aggregate
’ ) 2 _ _ 1 _
:- OJ NE“-’V Aspha"‘ P"b (,1_0_0 r pr)Pb - (10;0_ L)Pi::: PD - (1400_;)59
N 100(100 - Py) 100 —P, 100
: S B it (Y P P
> o, RAP P 100 (100 - r) _ (100 - )P, (100 P .)(100 - 1)
. sm
100 - P 100 - P, | 100
| - ) I SR s so | 0T
LN P !
v, > 05 Mew Agg and/or RAM, P, r- 7o | r
" 100 | B
) Total 100 | 100 ~ Py
- e s - e e e e — — ———
- 0y New Asphalt to Total ! 100 P, | 100 Py
< - ASQhaH Content, R PD J PD
29
S Where:

Pagm = Fercent salvsge mix (RAP) 1n the recycled mix

-
SN
XEON Py = AR=pkalt content of recyclec miv. %
‘.H l-)
Ll - -
Peo = Fsphslt cortent of =alvaged mix ELPY, 4
! g Fae = fAdditiaral ssphsalt end’cr recycling agent in
&
MR recycled mir, %
LN
o
.- . .
¢ Phe = Fercent additicnal aggregste (rew or
‘d e.‘ reclaimed ajgregate material?
A
\ v = Fercent rnew and/or reclsimed agl-egate
w s
%
D mraterial to total sggreqgste 1.0 recycled oy
|
- R = Percent rew aszhalt and/or recyclirg sgant to |
e
“ "
:. total sephalt 10 recyclad My
~I
. L]
N fiste: &1 proientzges ¢ould ke erpresecd 3o ahole St ore,

'.~'.-"/-_':" AR -:'.-"..':‘."_‘./-".r_'z: - .( J "o ( .." N J' J‘ .',‘.'\ o 1' \
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Test spec
the approximat
below and
Marshall test
apparatus 1S

contents at th

contents below

The test specimen asphalt contents should be 1~

inZrements.
The test
when the Marsh
1961 when
changes or spe
1. If re

1inch sieve

size fractions:

.

.

c. Heat

ASTM Method D

3. Heat

ASTM Method D

one above

Hveem test

and separate

imens shouldad be

e asphalt demand, wlth
the approximate
apparatus 1S used.

used. test specimens

e approximate asphalt demand,

made wlth aspnalt corte~ts at

three aspnalt corterts
aspkra.t demand when tre

When the H.eem test
shoul™ ra.e asphalt

with two asphalt

and one above the approximate asprait demard.

0.5 percenrt

specimens should be made by ASTM Methoz T 155

all test apparatus 1s used and by ASTM Methoa [

apparatus 1i1s
cial provisions:©

cessary, reduce the RAP

1 to 374 1nch

3/4 to 3/8 inch
3/8 to Ne. ¢«
Passing the No. 4

the new aggregate 50 gceg

1559 or ASTM Method D 1561

used, with the following

in size to pass the one

it by dry sieving into the following

F abcve the stendard

m1>¥1ng temperatures.

the RAP tno the standard ASTM Methocd D 15959 nor

1961 compaction temperatures.

“Bernardg .
Reclailmed

Usi1ng

kKallas. Flexible

Pa./ement

Mivtu-e Dezyign

Acphalt Concrete

(FR-Bo-21 . '

The wopbkalt

Institute, Col

lege Fark,

ol

d.»1984), pp.

E-15-c0.
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“. Dr, m1ix tre new agg-egjate anc recla:med asghaltr
concrete 30 secaonds.

5. “~ddg the new asphalt and’or recy,cling agent
previ1ously reated to the milxing temperature to the new
aggregate anag RAP and mi1x for &2 seconds.

&, Trancfer the completed batches of mix toc covered
r1ns and place them 1n an oven maintaired at the compaction
temperatare for a minmnimum of orne nour and not exceeci1ng two
rours pri1or to compacticon of the specimens.

. Prepare duplicate batches of mi1 x at each asghalt
cortent for determining the theoreticsl maximum specifi:z
gravity of birtumingus paving mixtures by ASTM Method D co-i.

Note: The mixing and compaction temperatures are tased

on the viscosity of the blend establisted by the aged asphalt

cement® from trRe RAP and the nrew asphalt cement and or
recvzling agent.

I~ rurmning the tests. first determire the bulb specific
gra.i1t, of the compacted specimens according tc ASTM Metrod [

2726, Then determinme the maximum load ard flow value cf «r

11

specimens according to ASTM Method D 1059 1f Marshall test
apparatus are used, or the stabilometer value of tre
specimens according to ASTM Metheod D 151 1¥ the kHyveem
3ppadratus ars used. Cal~ulate the percent a1~ 0122 1n the
compacted scecimence according to ASTM Metrwoy [ 32703,

For tre  Marshail tecst, graghe i Mg w1 muLm lead

fetabi1lit,, densi1tys flow value and per-e~t air vo1ds .ersus
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recv-ling agent or new asphalt content. should te made. For
the H.oeem test, graphs of stabiliometer values. density, andgd
percent air voids versus recycling agent or new asphalt,
should be made.

In selecting the optimum recycling agent cr new asphalt
conrtent 1n the Marshall test, determine the recycling agent
o asphalt contents from the above gr-raphs which give tre

following:

A, Ma-1imum load (stability)
B. Maxi1mum densit,
C. Four percent air voids

The optimum recycling or asphalt content will re the
average cf the above three values. If peaks are not reached
for the ma<imum stability or density cCurves, select the
optimum as the recycling agent or new asphalt content givirg
four percent air voids.

For the H.eem test, the following stecs are used to
selezt the optimum recycling agent or new asphalt corntent:

1. Using Figure 3, insert in Step 1! of the pyramid, the
aspralt contents used for preparing the seri1es of mix design
specimens. Insert the asphalt contents 1n increasing amourts
from left to right.

2. Select from GStep 1 the three highest aspralt
contents that do not exhibit moderate or heavy surface
flushi1rg and record them on Step 2. Surface flushing 1%

cnoneidered “"slight” 1f the surface has a slight sheer, It
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&
-
".: would be considered “"moderate” if sufficient free asphait 15
-
. apparent to cause paper to stick to the s.: tace but no
. distortion is noted. Surface flushing would be cons:idered
a "heavy" 1°f there 15 sufficient free asphalt to cause surface
) puddling or specimen distortion after compaction.
! 3. Select from Step 2 the two highest asphalt contents
that provide the specified minimum stabilometer value anrd
< enter them in Step 3.
- G4, Select from Step 3 the highest asphalt content that
) fas at least 4.0% air voids and enter it in Step 4.
::: S, The asphalt content in Step 4 is the optimum asphalt
N
content. Although, 1f the maximum asphalt content used 1n
o
- the design specimens is the optimum., there 1s a problem. In
r‘ th1s case the optimum 15 not valid anrd additional specimens
wilth increased asphalt contents in 0.5 percent 1ncrements
," .
:_‘-‘: must be made. The new optimum asphalt content can tten be
.
determined with this additionsl data.
g FIGURE 3
- HVEEM COPTIMUM ASPHALT CONTENT PYRAMID
-~
2
: Step 4 - Maximum asphalt content with Opt. Asphsalt
4 or more percent air voids Content
Step 3 - Specimens meeting minimum ‘
- stabi1lit, requirement
I
. Step 2 - Specimens with no l ]’
. flushing |_ !
-'. ~ 1 j
1 I o
Step 1 - De=13n series | ,
o | |
" J 1 j
7N
be
RS
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Step B8 - The results of both test methods ther need to
be compared against the project specifications. These should
be the same specifications as used for mixes with all new
materials. If all criteri1sa are met, then this becomes the
job-mi1x formula. If not, then adjustments need to be made to
the recycled mix and the mi» design process started sgain

from the appropriate step.

THE FDOT HOT-MIX RECYCLING DESIGN

Chapter 2 discussed how FDOT characterized the existinrg
pavement materials and how the contractor obtained samples
for his mix design. In Florida, the contractor 15
responsible for providing the final design of the recycled
mix, The proposed job-mix formula and samples of all
material components are then sent to the Bureau cf Materials
and Pesearch. A~ copy of the job-mix formula is sent to the
Distraict Bituminous Engineer at the same time.

The FDOT places a maximum limit of 60% RAP on the hct-
mix recycling design. The contractor must then choose what
percent PAP he will use in his job-mix formula based on his
eguinment capabilities and the materials availlable. The
contractor will normally,y try to maximice the amourt cf RAF
used 1n his j;ob-mix formula. This has normailyvy come out tcC
an average of about SO RAP 1rn Florids.

Figu-e & shows the nomograph used by FDJT to select the
grade of rec.cli1ng agent to be used. The vaiscosit. of the
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FIGURE 4 - FDOT NOMOGRAPH _FOR_VISCOSITY

(FROM FDOT ASPHALT PLANT TECHNICIAN CERTIFICATION STUDY GUIDE)
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aged asphalt 1s provided to the contractor from the samples
discussed in Chapter 2. The target viscosity wused by FDOT
was 43500 + 1500 poises (this range is indicated by the dashed
limes on Figure %), but has now been revised to 6000 + 2000
poises. This is the same type of blending chart as discussed
in The Asphalt Institute design section and has the same
procedures for using 1t.

The following procedures are used in handling the RAF
material and in preparing the combined aggregate batches for
the recycled mix design:

1. Place the ten 6 inch roadway cores (the portions
which represent the thickness to be milled) i1in arn oven at 230
deg F. until they can be broken down into small pieces
without degrading the aggregate in the mix.

2. Spread the broken down RAP material in a thin layer

in a flat pan to prevent rebinding and cool to room

temperature,

3. Separste the RAP material using a nest of the
following si1eves: 374", 1/2", 378", No. 4, No. 10 and pan.
Determine the gradation of the material.

4. Combine the RAP material with the new aggregste
comporents to form the i1ndividual batches for preparation of

the 2.5" hei1ght by 4.0" diameter Marshall specimens,

The RAP material is combined with the new aggr-egate on
the bacsis cf the gradation determined in step 3, rather than

the extracted gradation. This 1 donre to correct the
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difference between the actual gradation of the aggregate 1in
the roadway cores and the gradation which will exist after
milling. Approximately 23 percent of the minus #10 material
will remain bonded to the coarse aggregate during the
gradation of tne RAP material in step 3, which is
approximately the same amount that will be generated by the
milling operation.

The amount of asphalt contained in the RAP material must
be taken into account during the preparation of the combined
aggregate batches. If this is not done, the percentage of
aggregate from the RAP material will be less than what was
wanted.

S. Run the standard Marshall design procedure.

The FDOT sgspecifications Hhave been combined to i1nclude
both recycled and new mixes. Therefore, they both have the
same criteria for selection of the optimum asphalt content
based on percent air voids, stability and density. The
minimum criteria for the mixes are contained in the FDOT
specifications.

The FDOT also requires that the viscosity of the asphalt
in the recycled mix be tested on a random basis at a minimum
frequency of one sample per 2000 tons of mix. This may be
viewed as more of a gquality control measure rather than part
of the design, but FDOT considers the fact that they have

this end-result viscosity specification, to be a significant
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factor in the design and control of hot-mix recvcling. This
will also alert the State of any processing deficiencies such
as damage by overheating.

The last item of i1interest 1n the FDOT method of recycled
mix design 1s the fact that they gilve the caontractor an
assumed optimum asphalt content for bidding purposes. This
assumed optimum asphalt content for coarse graded mives 1S
6.0 percent and for fine g-aded mixes 1t 1s 6.5 percent.
This allows for consistent bildding results since the actusal
optimum asphalt content is not known at that time. Whenr the
actual optimum asphalt content has been determined for the
job-mix formula amd it varies from the assumed optimum, the
payment for the mix will be ad;usted up or down, based on the

cost of the asphslt cement plus 10 percent.

THE WisDOT HOT-MIX RECYCLING DESIGN

Trhe WiceDCT first characteri1zes the pavement materials as
discussed in Chapter c. They then proceed cn wlth a3
prelliminary design which will allow for the project plans and
specifications to be drawn up. The final design 1s not dconre
unti1l the exi1sting pavement materials bave beer milled or
arccessed., The Wi1sDOT maintainrs the resgconrnsitbility for
pro.i1ding both the preliminary and fimal mix designs.

The WisDOT uses penetration graded asphalt cemert 1n

.- both thear new andg recyzled mires. Therefcocre. a target

e penetration 1instead of 3 tarnget viecosrty 15 used D




o
A H
.l
T selecting the grade of new asphalt cement to add to the
v "
'-" 1P ycled mix., The target penetration is then based on the
. . anticipated average daily traffic. Figure 5 shows how a
o
N L. . .
. s target penetration i1s chosen.
) :r\
' N Once a target penetration has been chosen, the blend
._ proportions for the aged asphalt and the new asphalt must be
ey
j determined. Figure 6 shows an example of how this blend is
¢ .
) :‘»f determined. This blending chart is really the same as theat
»
. used in The Asphalt Institute design except that the vertical
) scale represents penetration instead of viscosity. This
-
X . results in lines which slope in the opposite direction to the
SRl =
previous blending chart figures. However, the procedures for
SN o
T using it are the same,
&
"\ “ The proportion of the RAP material is then calculated in
. . the following equation:
<4
SIS ABR %A .
~ s = (1 - y =) ( 100 )
“ 166 % T
N Where:
o 4“S = percent RAP in the recycled mix
N -
:: - ABR = asphalt blend ratio (as calculated from
h
L I Figure 6)
o
j: =T “A, = total percent asphalt in the recycled mix
K
1 _ .
. “A, = percent salvaged asphalt
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FIGURE 6 - WisDOT ASPHALT PENETRATION BLENDING CHART

(FROM ZUEHLKE, 1981)
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Figures 7 and 8 1illustrate an example of this general

design method as given in the WisDOT guidelines on designing
recycled mixes.®™ Figure 7 shows the preliminary design
data, while Figure B i1s for the final design.

In looking at Figure 7, Field 1 shows:

1. An estimate of the likely optimum total asphalt
content of the new recycled mixture, (%4A.).

2. The measured percent of asphalt in the RAP to be
salvaged, (%“AL).

3. The measured penetration of the salvaged asphalt,
(Pen A,).

4. The estimated average ADT data.

S. The required penetration value for the total asphalt
content of the recycled mixture, (Pen A.). 35 determined from
Figure &. Values are shown for the optimum level and for the
allowable range of such values.

Since the optimum grade of the new virgin asphalt, A..
is not vyet known, the computations shown in Field 2 are made
to establish the necessary proportions of the RAP material,
%S, for the recycled mixture which will satisfy the ABR
requirements for a range of penetration values for the added
asphalt, (Pen A_), These data are then plotted in Field 3.

An 1nspection of these plotted data points indicate that

a 120/150 grade of added asphalt, having an actual

*G.H. Zuehlke, Recycled Bituminpgus Pavements, Design of

Mixture Proportiors (Department of Transportation, State of
Wiscnnsin, October, 1981), pp. t1-16.
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penetration of 150, would allow a proportion of RAP, %5, of a

> T
[

maximum of about 25. This may be too low to be practical.

i So the wuse of the 200/300 grade can be considered. Assuming
v that the actual penetration of the asphalt currently being
bn

provided under this grade is about 230, it is shown that the
! allowed range of proportions of the RAP is from about 33 to
about 46.
o Assume that the pavement designer had determined that he
|: wanted his percent RAP to be a minimum of about 50O but will
-
attempt to be satisfied with 46 percent. He will then
reconsider his total recycled pavement design concepts and
prepare the necessary plans, specifications and estimates.
-, In this case he would likely specify the use of 200/300 grade
= s of asphalt and that the percent of RAP will be, as determined

by the engineer, within the range of say 46 + 5.

. The above description relates to the derivation of the
o
i

necessary preliminary mixture design parameters. Later, when
! the RAP has been removed and processed, a representative

sample of this material and of the proposed virgin aggregate
and new virgin asphalt are submitted to the laboratory for

| & final mixture design testing. At this time the pavement

designer will also inform the laboratory of the desired
- mixture proportions to be used. In this subject case he
would likely suggest using 46 percent RAP 1n the mixture

design process.
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In looking at Figure 8, the fina}l mixture design process
for WisDOT 1s illustrated. In Field 4 1t 15 shown that the
actual penetration of the proposed new asphalt, (Pen ALY, is
230 as earlier anmticipated. The percent asphalt in the RAP
is now 4.40 as compared to the 4.50 value determined for the
preliminary samples. The penrnetration of the recovered
asphalt is now 30 as compared to the value of 27 obtained for
the preliminary samples.

Marshall mix design samples are now prepared and tested
Raving a percent RAP of 46.1 and range of added asphalt
contents cselected to bridge the likely optimum asphalt
content. The derived Marshall test data indicate that the
optimum added asphalt content is 3.80 percent and that the
total asphalt content, derived as shown 1in Field 5, iec S.873
percent,

Computations as shown in Field 6, are made for the
proportions of RAF and the added new asphalt which will
satisfy the shown ABR values and other design criteria. MNote
that computations are also included for asphalt contente of
minus 0.5 percent and plus 0.5 percent from the optimum tntal
asphalt content. This 1s to provide some lati1tude 1n
controclling mixtu~e proportions 1in the field tno ascrhi1e.e
cptimim mixture characteristics. This range of acphalt
contents a3y be limited by other Marshall desigr c-iter i3,

The computed data are 1llustrated 1~ Fiel

[BR
L.
n

nnted tha* at the reported optimum asptalt corte-s, ot e
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N FIGURE 8 - WisDOT EXAMPLE FINAL MIXTURE CESIGN
. (FROM ZUEHLKE, 1981)
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allowable range of RAP is now from 36 to SO percent., somewhrat
higher than indicated by the preliminary data. This 15 the
result of the noted change in the percent salvsged asphalt
and in the penetration of this salvaged asphslt.

From the results of this data and the decisions mede 1n
the process, the engineer would likely specify that the
produced recycled mixture have the following composition:

50.0 % RAP

3.6 % Added asphalt
46.4 % Virgin aggregate
100.0 % Total

As may be necessarys some adjustments may be made
subseguently to saccommodate specific needs as long as all
resulting proportions fall within the illustrated
parallelogram.

The WisDOT clesrly prefers the use of <soft graded
asphalt cements over recycling agents. Imr 1980 they stated
based on the best information available to them at the time.
that the long term benefit of recycling agents 1is in some
doubt. Therefore, they were going to stay away from them as

much as pessible.” This basic viewpcint was again

“G.H, Zuehlke, Recycled Bitumingus Pavements (Depac-tment
af Transportatiaon, State cof Wisconsin, February, 2. 1980 p.
12.

N
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re-emphasized 1n 1981 by warning their engineers that
recycling agents had not yet proven to be totally effective. -

The last item which <should be noted in the WisDOT hot-
mix recycling design preocedure, is that the fimal mix design
is not done until all of the existing material has been
processed. Using processed RAP for the final mix design will
give the most accurate results. The WisDOT recognizes that
their method of waiting for all of the RAP to be processed
and thern doing the final mix design, could lead to a long
neriod where the roadway would be out of service and the
construction held  wup. The genrneral guidance they have given
treir field personnel concerning proceeding with the project
on the basis of the preliminary design rather than waiting
for the final mix design is as follows:

If the old pavement to be recycled is quite
uniform 1n composition, 1if the processing is known to
not likely cegrade the aggregate too badly, if traffic
volume 1s relatively low, if only lower binder courses
are involved, 1f no stability problems are expected and
if an acceptable alterrmative means exists for assuring
adequate control at the work, it would be acceptable to

prnduce the paving mixtures before the final mixture
design data are availlable.V

G.H. Zuehlke, Recycled Bituminous Pavements, Des,gn of
+ +

Mi-ture Proportiors (Department cf Trancpcrtation. State cof
Wisconsinr, Octaober, 1921, p. 20,

“5.H. ZJuehive. Pecycled Baitumirmous Ps.evecte, Deg:gnm of
Mixture Proporticns (Department of Transportaticn. Gtate of
Wisconnsin, Gctcber, 19810, p. 22.
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& CONCLUSION
. Thig Chapter has shown how hot-mi» recycling design is
’ approached by The Asphalt Institute, FDOT and WisDOT. The
S’ Asphalt Institute procedures have been presented in more
. detail than the general outlined procedures of the two
M) States. It can be seen that while there are many
. si1milarities between the procedures of each organization,
;i there are differences as well.
- The basic design approach csan be looked at as three
S basi1c steps:
E 1. Characterize the materials to be used.

2. Perform a preliminary mix design.
.
B 3. Perform a final mix design.

Due to the variable nature of the existing pavement

=,

materials, probably the most important factor in obtaining 3

L
P

g good design 1is obtaining representative samples for use in

that design. Without this basic starting point, the design
' cnould cause many problems in the field.

A1l of the methods of design presented, used either the
Marshall or Hveem tests to pick the optimum asphalt content
Q 1in the recycled mix. Since these procedures are the most
commonly used methods 1n designing new mixes, 1t 15 helpful
in desigring recycled mixes due to the familiarity with the
tests ard the avatlability of the test equipment.

o All of the procedures used the same basic blending chart

: for determining the correct blend of aged and new asphalt
»
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and/or recycling agent to meet the target. Although WisDOT
uses penstration grading rather than viscosity grading, the
blending charts use the same principles.

The Asphalt Institute and FDOT followed the approach of
trying to establish a target percent RAP in the mix prior to
selecting the asphalt blend. They then could f&nd out what
viscnsity of asphalt cement and/or recycling agent was needed
to reach the target viscosity. Neither agency seemed to has.e
any hesitancy 1i1n using recycling agents in order to meet the
target viscosity.

On the other hand, WisDOT started out with trying to
p1Cr an asphalt cement to add to the mix which would give an
acceptsble percent RAP in the mix. They tried to stay away
from the wuse of recycling agents and just use the softer
grades of aspnalt cement to meet a target penetration. In
doing this and establishing a envelope of acceptable
percentages of RAP 1in the mix, they seemed to end up having
tc pilck a point on the edge of their established design
envelope in order to get acceptable values for the percent
RAP 1n the mix.

While this approach has 1indeed worked for WisDOT as
evidenced by the large quantities of hot-mix recyciing they
have accomplished, 1t 1s felt that the use of rec-ycling
agents could improve their designs. A recycling agent could
Jive them an acceptable design enveiope which allows for

higrer percentages of RAP 11 the mix.

Al
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Each agency examined, cited the fact that they wanted to
use the highest percent RAP that would be practical (maximum
of &O0% for FDOTH. While it is true that no American
nationwide standards exist for recycling agents at the
present time, there are guidelines which do exist. The FDOT
has established some standards for recycling agents within
their specifications.

The key to the successful use of recycling agents at the
present time is gocd guality control. Toward this end, FDOT
tests all proposed recycling agents and has established an
end-result viscosity specification to control the finished
recycled product. It 1is felt that this 1s an excellent
approach which allows the greatest flexibility 1in the design
of a recycled hot-mix.

Each of the three agencies looked at agreed that the use
of milled or processed RAP samples was the preferred approach
to obtaining a final mix design. These samples allowed for
the ability to get the material properties which would most
closely approximate those which would be seen at the plant.
The Asphalt Institute recommended that these samples be used
whenever possible. The Wi1sDOT uses these samples exclusively
1in gbtaining their final mix designs although, they will
start on a project with only preliminary design data on
0oTCasion., The FDOT only uses milled or processed RAP for
their final mix designs 1n cases where the contractor is

us1ng material from a stockpile, or where the contractor

&2
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chooses to m1ll scme of the exi1sting roadwav to obtain
samples, rather than using cores. The approach by The
Asphalt Institute could be considered to be in the middle of
the road, while FDOT and WisDOT are at farther extremes.

A final mix design with milled or processed RAP would
give the best results. The question of how close to that
design i1s it possible to get to i1f core samples are used., 1s
what must be decided i1in order to justify their use.

The FDOT required that the RAP be separated by si1eving
using the 374", 1/2”, 3/8", No. 4, No. 10 and psn sieves.
The gradaticrn of fractions was then calculated. It was this
gradatior that was used to combine with the new aggregate,
rather than the gradatior that was found through the
extrac-tion tests. Tre FDOT found that this provided an
appro~i1mation for the chAange in gradation that would occur
through the milling process. Bacsed on the excellent vesults
obtained by FDOT, there does not seem to be 3 sigrificant
difference between this method and the use of processed or
milleg RAP samples for the final design. The FDOT does chect
the extracted gradation of the final recycled product from
the plant to 1nsure that the specifications have been met.
The field perscnnel can accept slight variations 1n gradaticv
fro+- the zpecification at that point 1n time, 1f the Marshall

prnce: ties justif, 1.

Tre FLOT 15 apparent!] willi-7 to accept the possibile
rist their metrods bring about. The W1sDOT does not tak= as
&3
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t% much risk as FDOT, since they use the milled or processed RAP
LS
in their final mi» designs. The penalty WisDOT pays 1s 1M
' terms of time on the project. This can correlate into
extended construction schedules, increased traffic

Fafe ol 2

disruptions, and greater construction costs due to these

inefficiencies. When viewed in this manner, maybe the small

~.

risks FDOT take in the final mix design process, are very

s ,

b: well worthwhile.

- The bottom line itn hot-mix recycling design. s that
v

b

adequate procedures exist to design a recycled mix with

confidence. This fact 1s helping states such as Flovida tc

E‘n ‘e

ailow mew and recyvcled mix specificatiorns to be combined and

Lt

the mixes used interchangeably. This allows the contractor

»

the greatest flexibility 1n choosing his material sources and

pro.idinrg a guality product st the most economical price.
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CHAPTER FIVE

VIEW OF A FDOT HOT-MIX RECYCLING PROJECT

INTRODUCTION

This chapter will take a view of ar actual FDCOT hot-mi1x
recycling project. The project to be looked at was located
1n Florida's Suwannee County on Interstate 10. THe
construction was completed by the Sloan Construction Cc..
Inc.. of Live Oak, Florids. The project (number 37120-3423:
was started 1n 1985 and was completed 1 1986. The project
1imvolved milling appro»i1mately 35.5 larne-miles of pa.ement to
a deoth of & 1nches, Approximately 85,000 torms of recycled
hct-miv were placed on the project.

This chapter will start off by lecking at the
composition of the exi1sting pavement materi1als. From there
1t will review the 1niti1al j;ob-mix formula for tre prooaect.
Durirg the course cof the project. the j;ob-mi~ focrmuls was
m2c:f1ed a few times to btring the firal +1scos1ty cof tre
reco.er-ed asphalt cement inr the recycled mix, bac+ 1ntcC
speci1fications. These changes will be looked at arnd checked
3gai1~st the resulting changes 17 the viscosity, of tre asphalt

cement ~ecnvered from the recycled mi».,

COMPOSITION OF THE EXISTING PAVEMENT MATERIALS
Personnel] from Cistrach Two of DT e.3aluate? tre

er1st1nNng pavement and taov csufficient gsamples 1n accor Jance
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S: with stangarag FDOT procedures, to obtain a representaticn of
[

. the composition of those materials. The results from tre
i testing of these core samples were compiled into a table for
o Composition of Existing FPavement fcr the project. This
- information the~ became a part of the ccnrntract documents,

__. The basi1c pieces of information supplied included the ranges
and averages for the viscosity, penetration and content of
’
S
8
x

o the asphalt cement, armd the range and average for the
kg aggregate gradation. This 1rnformation was broken down by the
h lccation 1n the roadway and the layer 1n which 1t was
located.

Table & shows the actual Composition of Exi1sting
- Pavement for this project. This information coulc then be
. used by any contractors 1nterested 1n the project tc cevelocy
a ecstimated icb-mix<x formula upon whach to base thei1~ bids.
Ac pointed out 1n chapter four, FDOT tells the contractors to
ass.ume a total asphalt content of &% for this type cf mi1> for
' pi1dding purpsses. This 15 a8 1mportant factor 1» mak1ng sur e

that all bids will be based upon the same standars. Tre

s
LN ™

cgrtractor 15 =+t1ll free to select any percent RaF tup tn

5 that the materi1al propertiec and hic equipment wiil

RS |

ailow,

, The CTomposition of Ex15ti1ng PFPgagvemert 1nformaticn ahow
1n Table & srows the vari1abilit, of *-e e-xi:sting Ca.ement
materia.s throughogt the procent s te. Tre contraIt Tust

pa. close attenti1o~ to this .arsatiluit,.,
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TABLE 6

(FROM FDOT PROJECT 37120-3423)

T
g

-

5

COMPOSITION OF EXISTING PAVEMENT
1-10, Suwannee County

Project No. 37120-342:
M P. 95.861 to 14.997
Bi 249123

F\:
) p—
Westbound Rcadwav fagthours Roazwd,

-

‘e Top 2.3 Inches Tco 2 7 Ircres
Ranqge Average Rarge Average

; Viscosity 3 140°F (Poises) 20,494 - 196,72¢ 8%,8%7 ‘9,108 - 64,78 2.2t

.

v Peretration 9 77°F (3.1 mm) 14 - N 22 2o - 23 27

.. Asznalt Ceontent (%) 6.3 - 6.7 6.5 5 -¢¢ £z

. Gradat on - Percent Passing

-, 38 G - 97 35 3.5 3¢




TABLE &6 (CONTINUED?

COMPQSITION OF EXISTING PAVEMENT
[-10, Suwannee County

Project No. 37120-3423
M.P. 5.861 to 14.997
Bl 249133

Westbound Roadway

Easticurd Roacwa,

Bottom 2.0 Incres Bnatecm 2.3 Incres
Range Averajze Range Average
Viscosity @ 140°F /Poises) 9,365 - 123,634 62,23¢ 5,992 - 131,888 £ LRZ:
Penetration @ 77°F (2.1 rm) 17 - 38 28 17 - 316 29
Asphalt Content (%) 4.8 - 5.7 * 5.0 4.5 - 6.2 €3
Gracation - Percent Passing
3/8" al - 1C0Q St 87 - ¢Cn 3€
172 79 - 10C 28 71 - 100 “C
3,8 67 - 98 8 63 - 33 )
No. & 4 - 719 52 3% - £3 .
No. 1C 28 - 43 2 T - et it
No. 4G 20 - 30 28 20 - 33 o
to. 8C 12 - 15 14 14 - ' €
No. 2C0 57 -6.90 6.2 5.2 v 3 N
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TABLE & (CONTINUED)

COMPOSITION CF EXISTING PAVEMENT

Project No. 37120-3423
SR-51 (US-129} Under 1-10
Bl 249133

Southbound Roadwav Northbound RPoaiwae.
Range Average ( Range A.er
Viscosity @ 140°F (Poises) 36,531-1€8,912 102,722 281-71,8°3 4= 2
Penetration 3 77°F (0.1 mm) 14 - 28 21 2l - 33 2
Aspnalt Content (%) 5.3 - 6.1 5.6 54 -6 5
Gracation - Percent Passing
34 96 - 100 98 93 - 97 ¢s
172 84 - 88 85 85 - 8¢ g2
3,3 78 - 85 8c 79 - 8C 2z
No. 4 47 - 53 50 47 - 50 23
No. 10 32 - 34 33 31 - 13 iz
No. 40 25 - 2¢ 26 6 - 17 T
Ne. 82 14 - 17 16 15 - 18 v
No. 2C3 4.5 -6.5 5.6 45 -7 £ 3
Total Pavemert Thickness ([n. ) 3.0 - 3.2 3N 2.9 - 3.7 K
Thrckness Evaluated (in? (0P 2 & P Dok
.9
RN XN 8 T el G ey
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TABLE & (CONTINUED)

S R v

vy
e
L)

COMPOSITION JF EXISTING PAVEMENT

SR -10 (US-90) Uncer 1-10
- Project No. 37120-3423
81 249133

. _—
o
”d Westbourd Roadway Facitaurt Pratea,
Range Average Ra~se Average
-
-..
<y Yiscostty 3 13777 (Povses! 188,324 - 1,635,837 al7? 660 £l,30% - 1Tl T84 T)
Penetration 3 7°F 10 1 ~pmy 5 .22 14 12 - 22 v
<
= Aspralt Zontent (X, 46 - 5.2 43 51 .33 c ol

S

Gracation - Perzent Passing

¢

No. 4 84 - 56 55 €o - £3 5E

No. 10 34 - 3¢ 35 LIV <3

No 40 28 - 7 <k 8. ’9

. No. 80 14 - 18 15 LSS B

y No 2790 4 3 -¢%3 5.4 47 -3 : < 7
. Total Paverert T“hickness in 331-216 33 2% -4 ?
7 .
~' Thickness Zva'lated [ir " (e 25 RN
P
<.

70
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(CONTINUED)

COMPOSTITION OF EXISTING PAVEMENT

Project No. 3712C-3423
UsS-129 and I-10 Ramps
Bl 249133

L iadh Bl Al

Westbound Ramos

fasthourz Ra~pc

Bottom 2.0 Inches

-

Bottom I

Trireg

On Ramp 0f¢ Ramp On B~ Tfé Ra-n
Average Average Average A.erage
Viscosity @ 14C°F (Porges) 132,431 117,389 338,328 IE T
Penetratign 3 77°F (0.1 mm) 18 17 14 LX)
Asgha't Content (%) 4.6 4.6 4. 4 :
Gracation - Percent Passing
1" 100 97 10C "
3/4" 91 9n g2 sC
172 73 n 73 )
/g 65 64 6% =3
Yo 4 36 38 39 30
No. 10 26 27 2% )
No. 40 22 a4 24 N
No. 8C 18 14 13 13
Ne. 7 S5 4.5 £ 5 sl
EA
R A i b SRR i iia
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TABLE & (CONTINUED)

COMPOSITION OF EXISTING PAVEMENT

US-129 and [-10 Ramps

Project No. 37120-2422
Bl 249133

Viscosity @ 130°F {Porses,

Peretrazian 3 77°%C (0.1

Asgralt Content (X%}

Gracatio

1

35

n

L
s

=
o}

No.

NO

No

- Percent Passng

ey

LN
[

Wes tbound Ramps

fasthound Ramps

Top 2 0 Inches

Top 2.0 Ircres

Qn Ramp 0ff Ramp Qn 2amp NFE 23mp
Average Averdge Average Averaye
62,590 185,561 139,224 182,872
<2 16 13 18
6.1 5.7 5.8 6.3
Hok) 100 1C3 128
37 139 1C2 5
64 70 T £4
32 4] 4G 4
32 31 28 3
18 16 5 18
4.3 4.9 €3 £ 2
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TABLE & (CONTINUED)

COMPOSITION OF EXISTING PAVEMENT

UsS-90 and I-10 Ramps
Project Ho. 37120-3423

Bl 249133
Wes tbound Ramps fastbourd Ramps
Bottomn 2.0 Incnes dottom 2.0 In~ches
On Ramp Off Rarmp Cn Ramp 0¢f Rar:c
Average Average Average Average
Viscosity @ 130°¢ (Poises) 13,357 61,263 17,62 26,303
Penetraticn 8 77°F (0.1 mm) 38 21 17 29
Asphalt Content (%) 4.9 5.4 4.7 5.0
Gracaticn - Percent Passing
1" 100 10 96 100
3a 88 91 78 86
/2" 77 n 53 Al
3,8" 70 63 £ 6¢
No. 4 45 40 3 40
No. 10 32 29 2¢ 29
No. 40 24 22 19 22
Ne. 80 15 14 12 13
No. 2C0 7.2 6.9 55 6.¢
73
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TABLE & (CONTINUED)

COMPOSITION OF EXISTING PAVEMENT

Project No. 37120-3423
. US-90 and 1-1C Ramps
Bl 249133

LI
5 A

Westbourd Ramps Easttound Ramps

- Top 2.0 Inches Tep 2.0 [rcres
- On Rawp 0f¢ Ramp On Ramp 0 Ramp
Average Average Average Average
z Viscosit, @ 140°F (Porses) 37,293 25,499 80,807 £7,468
Peretration 2 777F (0.1 mm) 25 29 20 20
- Asshalt Content (%) 6.1 6.0 5.9 6.3
Gracation - Percent Passing
‘ 12 100 100 100 10
3.8 97 97 96 97
s o, 4 66 68 67 °7
v Ne. 10 a3 a2 a4 az
. No. 40 3C 32 k) 23
- No. 8C 19 19 17 16
. No. 2C0 5.3 6.0 5.2 5.2
L.
~
S
74
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THE PROJECT JOB-MIX FORMULA

The Sloan Construction Co., Inc., of Live 0Oak, Florids,
was the successful contractor who bid on this project.
Figure 9 shows the initial job-mix formulsa which was approved
for this project as of August 5, 1983. It shows that the
contractor planned to use 69% RAP in the mix. The job-mix
fornula also shows the Marshall mix design properties for the
optimum asphalt content of &%. This optimum asphalt content
was determined through the use of the standard Marshall mix
design procedures (as putlined in chapter four under FDOT mi=
desi1gn procedures), and 1s not just the estimated asphalt
content as used for bidding purposes. In this case. they
just happened to be the same.

A High Maltere Asphalt (HMA) withk a viscosity of 200
poises was chosen as the recycling agent for the recwvcled
mi1~ . This viscosity was determined through the wuse of s
emegraph similar to the orne shown 1m Figure 4 (chapter
foaur.

Figure 1¢ shows a8 revision tc the 1ni1tial job-miw
formula on September 3, 1985. The reasons for this revicion
were that the mix temperature was being changed from 225 deg

F ts 300 deg F, and the gradation of the milled materi1al on

the 3/8" s1eve had changed slightly from what had been
calzZulates previously. This change was made just prior to
tne start 2F paving operaticns and represented tbe actual

Ltritiome a3t the plart,
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ro- FIGURE 9 - INITIAL JOB-MIX FORMULA
S
© (FROM FDOT PROJECT 37120-3423)

STATE OF FLORIDA DELARTMENT OF TRANSPORTATION
CF SCUICE OF MATIRIALY #ND J()li MIx FORMULA FOR BITULMINOUS CCNCREITET

STATIMENT

Sulmit to the Stata Mater:uls and Research Engiacer, Central Bituminous lLaboratory,
P. 0. Box 1029, Cusnesvillice, Flocrida J26C2.

Project: No. 7120-3423 Type Mix S-1 Recvcle pare 7/22/85
Road MNo. 8 (I.10) County Suwarree Disizict 2
Contractor Nazme &
Plant lLocation Slcan Censt. Co.. Inc. - Live Cak, FL Phone 9Q04-28%-7161
Iatended Use of Mix Siafa o Submicted By Sloan Const. QA Tech. W. M. Philbeck
TYPE MATERTAL PRODCCER PIT YNO. DATE SAMPLED -Y.\T‘\ Ris B
31130 - 35323 Tcp 4,00 1-10 |
1. Milleg Man'l 23 & B Lares RCWY 7/22/85 l
2. 3/8" Siare | Vulcan Mat'ls AL-149 ' 7/22/85 f |
. Cone. Sand ! Rountree Censte. oo, i: G2-303 ‘ 7/22/€3 i
5.
PERCENTACE BY VTICHT TOTAL ACSRECATE PASSTING STEVES
BLINS ) sv Z i 20 T T 20 x| L] © 1 J0d MIK | GREICITLICATION {
Nuzper | t ' < | 3 | - | S | FOPMULA ¢ RANGE '
] 34 I 100 100 . 160 ] | | 00 00 \
2 | ag 00 ' 00 i . 39 ) 88~ 100
,:V;/G 92 gr _ 100 i | T 9% ‘ ™93
AL L4 ) N 5| 163 ! n 72 ‘ #7-75
LiNo. .0 51 FEEES [ f ST \ 31-53
;:rNo RS & K | | [ 32 ) 19-35 |
=i No. 60 | 7 I D ' 18 721,
No. 20Q 11, . 1, Q.5 ! 1.0 ! 2-1 ;
| S Cr. 1 4. L2 LR N LTI t 1 4.393 :
R-83-37-1€0(7s-1)
MATERTALS DIVISTOW UST ONLY
ec: Mr. R. D. Yuser
‘Mr. W. H. Skanner
¥r. R. O. Haphreys (2)
Fr. D. R. Turrer —2
Mr. G. E. Pettyichn 0~/) / -,
Sloan Censtr. Co. (2) &\ -?u... 7L~
Cen Bit Lab (2} ™~ N
Pz;je(R:*?HFLL‘a‘: (2) State Macer:ais a Research Engineer
Effec_tive Date 8/5 /8c
cly
Copies: Disctricc Bituminous Engineer

76
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< FIGURE 10 - JOB-MIX FORMULA REVISED GN 9/3/8S

a (FROM FDOT PROJECT 37120-3423)

._ TATE OF FLORIDA ODUPARTMENT QF VRANSPORTATION
STATEMENT OF SOURCE OF MATERIALS AND JOS ™MI[X FORMULA FOR BITUMINCUS CONCRETE

P Subm{c to the State Msterials and Rescarch Engincer, Central Bicuminous laboratory,
P. 0. Box 1023, Caincsvillu, Flcrida J26C2.

. Project: No. 37120-3423 - Type Mix S5-1 Recyele pyre 7/22/85
~ Road Mo. 8 (1I-10) County Suwannee Discrict 2
Contracter lame & \
Plant Location Sloan Const. Co., Inc. - Live Cak, FL Phone 904-284.7107
e Iotcnded Use of Mix Surface Submicted By Sloan Const. QA Tech. W. M. Philbeck
TYPE MATERIAL PRODUCER PIT NO. DATE S:AMPLED 1AB 0.
) 37120-3423 Tep 4.07 . ; 7
1. Milled Mat'l EB_& WB I-10 RDWY 7/22/E5
7
b 3/8" Stone Vulcan Mat'ls AL-149 7/22/85 ,
= 3. Cone. Sand Rountree Constructicn Co. ca_203 l 7/22/85
o 5.
PERCINTAGE BY WETGHT TOTAL AGSREGATE PASSING SIEVES
n BLoiD | 60% 1 <0 %1 20 21 3 % ] JOB MIX [ SPECIFICATION i
Nymber 1 2 i3 [« 5 FORMULA ! PANCE '
3/6 100 i 100 1 100 | } 100 -] T00 ,
P (172 98 1 100 ! 10O I i EL] ] BE-700
oy 378 83 1 gg 1 100 T T I os T 15-93
- N, a1 7y ' 41! 300 [ ] I i< | 47-75
“Ka. 101 -53 | g 195 ] T T 5< i 31-53
“[Mo. 40 1 — 41 | 4 1 34 I i T 33 { 19-35
_. = N. 801 27 T 3 1 4 ‘ | 18 ] 7-21
“{Neo. 200 | 3}.2 1 3.1 ' 0.5 T 70 T 2.7
Sp. Cr. | 2,534 1 2 741 | 2.637 | > <93 |
o R-83-37-160(Rev. 9-3-85)(TS-1;
o Rev. to reflect change of mixing

' MATERTALS DIVISTION USE ONLY temp., & gradation of mill

»

matl's. on # 3/8 sieve.

- cc: Mr. R. D. Buser
' «Mr. W. H. Skinner

Mr. R. O. Humphreys (2)

Mr. D. R. Turner .o T

Mr. G. E. Pettyjohn //‘ .
- Sican Constr. Co. (2) ;>-—— —— S ’72
“n Bit Lab 2) /N

Bltf Rch Labi (2) Scate Materials & Research Engineen
- Project File
n Eifect{ve Date B8/5/R%

jh Copfea: District Bltuminous Engincs
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CONTROL OF THE JOB-MIX FORMULA

The FDOT checks the quality of the recycleg mi1x 1n a3

number of different wavs. The contractor must have a gualilty
control technician who holds a valid certificate of
qualificatiorn from FDOT. The gradation of the new aggregate

is checked on a frequency of approximately once pe- thousand
tons., The aggregate gradation in the RAP 15 also checked
after 1t has been extracted. Mix temperatures are checked.
The aggregate gradation of the recycled mix 1s checked once
per day after extraction. Samples are also taken once per
day at the plant to run Marshall tests and to be sent out for
checking the resulting viscosity of the asphalt cement in the
recycled mix. The viscosity tests are normally dore by the
FDC1 Bureau of Materials and Research. located 1n
GCairnesvilley, Florida, at a frequency of approximately once
per 2000 tons of recycled mix.

In this project, meeting the end-result viscosity
specification of 4300 + 1500 poises,; was the most significant
factor that required changes in the job-mix formula. Table 7
shows the record of end-result viscosity quality control
tests on FDOT project 37120-3423. This table also shows the
points at which changes were made in  the job-mix formuls.
The resulting changes 1n the end-result viscosity of the miv~
can then be readily reviewed.

Figures 11, 12 and 13 show the documentation for the

changes in the job-mix formula cutlined in Table 7.
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E-_' TABLE 7
RECORD OF END RESULT VISCOSITY QUALITY CONTROL TESTS

‘ (FROM FDOT PROJECT 37120-3423)
DATE SAMPLED PENETRATION VISCOSITY  CUMULATIVE TONS
E 9/6/85 4o 6,860 1,550

S.10/85 38 9,291 2,373
EZ 916/85 37 9,558 4,100
~ °/19/85 36 11,312 7,000
’ .

Job-mix formula revised on 10/2/85 to reflect a change
1n the viscosity of the recycling agent from 200 to 100.

F\
j 10717/8%5 48 6,958 9,800
:«‘ 10 ¢4/85 51 4,466 12,3500
i

10,28/85 62 3.034 15,400
h 11/04/85 60 3,035 17,200

Job-mix formula revised on 11/7/85 to reflect a change

- in the mixing temperature from 300 deg F to 285 deg F.
te
N

11/08/895 invalid test results 22,100
. 11/713/895 S4 4,242 24,100

11715785 71 2,429 27,700
PN 11/19/85 61 3,369 29,700
R 11/21/85 50 44,367 32, 10GC
2D

11/26/895 47 5,478 33,300
Y
.ﬁ 12703789 62 23573 36,900
N

12/05/7895 59 3.022 38,700
e
"y
s 12/07/85 76 4,101 40,900
~ 12/11/85 48 5,104 42,800
, 81
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2 TABLE 7 (CONTINUED)
-t
|
i
f..~
““
DATE SAMPLED FENETRAT 1 ON VISCOSITr CUMULAT L 7B ToMS
o 12/16/85 %0 7,462 45, 300
12/16/8S v8 5,209 47 B00

e
9
o 1/13/86 37 12,108 50,200

1/16/86 33 13,939 Sz.4SC |
o
o |

1721 /8¢ 41 7,763 Se, 106 |
o

Job-mix formula revised on 1/27/86 to reflect a change
the percent RAP 1n the mix from &0 to ST%.

L2
5

“ 1/29.8¢ Se 4,297 S6,200

- 1/31/85 50 S, 480 S8, 600

l-i 2037858 47 5,746 HC 436400

. 2/05 /86 NG 7,167 62,500

oL 213/86& 57 3.560 655500

l 2/19/86 37 12,308 664300

= 2/21/8¢ a1 6,888 68,100

tg 3/08/86 55 4,057 80,200
371186 53 4,500 81,800

g

5

. ge

¥,

W




FIGURE 11 - JOB-MIX FORMULA REVISED ON 10/2/8S

(FROM FDOT PROJECT 37120-3423)

STATL OF FLOTITA DEFARTMENT CF TRALSPCRTATICON
OF MATERIALS A_N_D JOB MIX 1'ORMuULA FOR RITUMINCUS CODNCRETE

ST.\TEHEN"" 0F SQURCE

- - J N s A P N g - .
_','u.."!!’ to the frate Naterials ond fcsearc!t Eapinver, Ceontral Jituivinsus Laloraror),
hvage)

1. 0. lizc 1027, Cainezville, I'lorida 326202

Project No. 37120-3423 . Type Mix 5-1 Recygle p,:. 7/22.85
Road Mo. 8 (1-10) County Suwannee Discrice 2
Contracter liase & .
Planc locacion Slean Const. Co.. Inc. - Live Oak, FL hone S04-2B0-7191
Iatended Use of Hixﬂ:’__x‘_c_ Submitted 2y Sloan Const. QA Tach. W. M. Philveck
TYTC MATERIAL PRCDUCER PIT NO. TATZ SAMPLED 1AB No
37120-3423 Top 4.0 - ‘
1. Milled Mat'l ED & W3 I-10 ROWY 7/22/E5
7
2. 3/8" Stone l Valcan Mat'ls AL-145 7722785 '
3. Oonc. Sard Rountree Copstruction Co. 1 GA-301 7/22/€5 ’
;. |
‘
n PLRCENTAGE BY WEIGHT TOTAL AGCRECATE PASSING SLWES
BLEND | €0Y [ 20 4] 20 B 7z | Jos MIX |  SPECIFICATIL
Nunber | 1 R ! 3 4 S 1 FoRMULA ! RANGE
o P 3/< 1001 _100__ | 100 1 R 100
o 172 |98 _j0g 1100 i i 99 i F3I-i00
jul 378 ] 89 ' 9p | 100 ] I 91 i 75-93
NG, &0 T I 471 1 1CO i [ L ] _47-75
! “I'Na. 10 1 _83 | g ! 95 ] 132 f 31.53
W, Y No. - «0 | 4 | 4 | 34 { I 32 | 19-35
“MWo. 80 1 271 i 31 |« ! [HRY] { 7-21
. Vi Ne. 200 1 13,2 | 3.3 ! 0.5 T 7.a T 2.7
Sp. Gr. | 2,534 1 2 741 1 2.637 f 2.593 1
o
R-83-37-160 (Rev. 9-3-85) (Rev. 10-2-85) (7S-1)
e MATINTALS DIVISION USE ONLY
v Rev. to reflect change in recycling agent from
M cc: Mr. R. D, lluser HMA 200 to HMA 100.
: M. W, H. Skinner
.o Mr. R. O. Humphreys 2
o l4r. D. R. Tucnes /”’:
- Mr. G. E. PCLt/Jo?.n ( //-‘ 71‘
Eo- xn Bit Lab (2) N
:. A Bit. Rch Lab ) State Maceraals & Rescarch Engince
v l‘m)CCt File -
: Eifcern{ve Date 10-2-8°
i ‘ Jh Copieca: Diztricc Bfrumincus Inginc
(
\
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FIGURE 12 - JOB-MIXx FORMULA REVISED ON 11/7/89

(FROM FDOT PROJECT 37120-3423)

STATE CFf FLORTDA ODEPARTNENT OF TRAKGPORTAT (N

TATEMENT CF SCu

.2 OF MATERLAL] anD 303 ™M X

Framc A FOR RITUM NCOY T00 i

o Type Mux

iroto ot Loresralc oaad ooo oo bareen e
i . Tono Il Y, aanmoovallie, Jlorian JUudl.
Prorecct No. 57'20-34CC
Roac Nec. g '1-10" County Sunirree

Conzractor Mame &
Plant loucgfion S

C LT fLlenans - (e 270
S-1 Recuc'c qgee 0 I2008
Listract 2

ican Corst. Co., Inc.

Irmtooded U
TYPE MATERIAL

oM T len Materal

- Live Qaxn, FL Plone (GC4Y I03-777
'ce of Mix OWTfaC®  guiuirocd By Sloan Const A Tech. WooMLPe e
PKCDUCER PIT NO. DATE SAMFLED LAB NO

[STT? - ~LJ -_TOP 4

123 % wl [-10

o
P

Loacuay 72e

|
}‘, 3 8“ Stone

lvulcan Materials

~ -
Conc. Song

[

‘Rountree Construction Co.

|
;lig._l 1aves | T
63-303 722,08 |

Sioan Constructen {2)

Con It Lab (2)
B:t Res Lab (2!
Prozect File

Jh

3 - - |
PERCENTAGE BY WEIGHT TOTAL AGGREGATE PASSING S1EVES
[ _BLiNp 60 4 ! _ 20% ! _20% | 21 X iosmIx , SPECIFICATION ‘
[___Numbar v 2 3 [ & i__5 +_FORMULA RANGE
| 374 100 [ 100 1100 l f j100 L {00
byt 35 i 100 | 100 | __ 99 ! 88 - iaC
|w 378 9 1 % 100 ! [ 93 i 75 - 93 ;
STho kTN 47 100 | v 72 | 47 15 '
“No 101 83 8 EN | %2 i 3T - 8 .
155~°' 40 X 4 34 l ! |32 ' 19 - 3%
= No. g0 | I 3 § | [ 178 [ T - 2 v
Y No. 200 I_ V.2 [ 0.5 | [ 70 | Z -7 |
‘Sp. Ge 1 2.53%1 2741 2 637 ] I 2.593 |
R-£3-37-160 (Rev. 9-3-85) {Rev. 10-2-8%,
14.TERTALS DIVISIOK UCE OWLY (Rev. 11-7-85) (T5-1)
Mr. R. D. Buser Rev. to ref]ect chanze in mixing tern. from
Mr. W. H. Skinner 300° to 285°
Mr. R. 0. Humphreys (2) THIS CORRECTED RLPCET CAl WCTLS O SUPERTRCIS CRIGH-
Mr. D. R. Turner NAL REFQRT DUE -T§ S¥cLusicn ¢f Rev;L;Q:L-&ti
Mr. 5. E. Pettyronn

T e

A~ L~

State iiaterials & Lcoscaren Lagiucer

11.7.2

w

C{{~ct.ve Dutec

Coptles:

District DNituminous Lnginecr
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i~ FIGURE 13 - JOB-MIXx FORMULA REVISED GON 1/27/86

(FROM FDOT PROJECT 37120-3423)

STATE of FLORTNA DFPARTMENT OF TRANSPCRrATION
- STATIMENT OF ZCURCY CF MATLRIALS AND 105 MIX FORMUIA FOR 8ITIMINASGS @& NCRDTVE

'p‘ Sulwmit to the State Matcrials and Nezcarch Fngaincer, Central Dituminous L. loratory,
P. 0. Dox 1029, Goincsville, Ilourida 32002.

. Projcct Mo, 37120-3423 Type Mlx S-1 Recycle pare. 7/22/85
':-' —— e
Road No. _8 (I-10) County . Sywannee Dicztrict 2
. Contractor Name & .
o Plant Location Sloan Const. Co., Inc. - Live Oak, FL Phone (904) 229-719]
N
Intended Use of Mix Surface  submirced By Sloan-Const. QA Tech. W. M. Philbeck
=
A TYPE MATERIAL PRODUCER PIT NO. DATE SAMPLED LAB NO.
e : 371803425 Top 407
1. Milled Material lE3 & WB 1-10 Roadway L 71/22/85
f;'_‘ 2. 3/8" Stone (Vulcan Materials { AL-149 J 7/22/85
' : .
3. Conc. Sand 'ROuntree Construction Co. GA-203 I 7/22/85
o 4. | ' ‘
’ 5. ‘ '
' ‘ PERCENTACE BY WEICWT TOTAL ACCRECATE PASSING S1EVES
Bl 1 53 71 B 4 1 207 ) [ % | JOB MIX SPECIFLCATIQN
. Number | 1 2 i3 I e f 5 TORMULA RANGE
‘s 3/4 1 100 i0o (RIS | | 100 1 [ !
/2 ET] 00 (50 i ] 59 | 83 - il |
w! 3/8 | 3% <8 | iC0 | 1 93 [ /5 - 92 |
Swo. A 7 a7 00 71 l ir - 75 !
' “[Wo. 10 | 53 [ EE f T | 31 - 55 |
i SiNo. 40 | &1 4 T 34 f 20 i 79 - 35 ]
. ZiNe. RG 1 2T : 3 i T 15 I 7 - 27 |
Y We. 200 §_ T0.2 1+ 1.1 J.5 | 6.5 | Z -7 ]
[sp. er. |~ Z. 531 2.741 26377 i 2.603 | ]
[
h R-83-37-160 (Rev, 9-3-85). (Rev. 10-2-05)
R (Rev. 11-7-85) (Rev. 1-07-3p) (7S-1)
- MATERTALS DIVISION UST ONLY
N Mr. R. D. Buser Rev. to reflect change of blend.
Mr. W. H. Skinner
. Mr. R. 0. Humphreys (2)
Mr. D. R. Turner e e =
o Mr. G. £. Pettyjchn . ARV
Slean Construction {2) %% Q_’}__ e
_Len Bit Lab (2)
v Bit Res Lab (2) State Hateriuls & lescarch Lngincer
¢ Project File

Lffective Date _ 1.27.29

R s

3h Copies: District Rituminous Enplncer
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The changes 1n the job-mix formula shown 1n  filgures 11
ard 1|3 represent two basic methods of changing the end-result
viscosity of the recovered asphalt cement 1n the recycled
milx., In Figure 11, the viscosity of the recycling agent .as
changed from 200 poises to 100 poises. This change was
required because the viscosity of the recovered asphalt
cement was staying consistently higher thanr the
specifications allowed. As can be seen from Table 7, this
charmge resulted 1n the end-result viscosity being slightly
higher than the specifications on the next test and then
withirn the specifications for most of the next 3S5.000 toms of
recycled mix,.

Figure 13 showed @ change in the j;ob-mix formuls from
using &60O% to 33% RAP. This change became required when the
erd-result viscosity of the recovered asphalt cemert stayed
Figher thanrn the speci1fication for three consecutive tecste,
The lowecst viscosity recycling agent available was 100 poises
ard 1t was already being used. In order to reduce the end
result viscosity, it then becam= necessary to reduce the
percent RAP 1n the mix, This resulted in a higher percentage

cf the 109 poise re-ycling agent 1n the mix and therefore t+

i}

n

overall viscosity was reduced. Table 7 showed that *+r=
change was very effective 1 gettinc the recvaoled mui. = =
into the eng-result visccsi1ty spec-fication range.

The charge 1n the jocb-mix formuls s cwe o Fag o

a ctarge in the mi>» temperstures f-gm 300 deg & -

a8}
]
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Table 7 shows that this change did not have any significant
effect on the final viscosity of the asphslt cement in the
recycled mix though. In general it could be expected that a
reduction in the mix temperature would result in a lowering
of the viscosity of the asphalt cement since it would lose a

smaller amount of volatiles.

CONCLUSION

The data presented in this chapter points out a number

B |

of important factors in the hot-mix recycling process. The

data is all from an actual FDOT project and illustrates real

==

life problems and solutions.

WP
SN

The Composition of Existing Pavement data presented in

the FDOT recycling contracts will show the variability of the

existing pavement materials across the project site. This

information must be representative of that project site in

TR

order to allow the contractors to prepare an accurate bid.

! It also allows for the basis of a8 more rational mix design
5 when the ranges and averages of the existing pavement
& material properties are known.
é; Although no Marshall test data for the control of the
guality of the recycled mix was presented in this chapter, it
L? was the end-result viscosity of the recovered asphalt cement
. which in fact had the major impact on changes in the job-mix
&; formula. During this project, FDOT was using an end-result

S0
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viscosity specification of 4500 + 1500 poises. In 19846 this

specification was changed to 6000 + 2000 poises.

There are a number of reasons for this change in the

end-result viscosity specification. Probably the main reason

o "ﬂ‘
et

is that the original specification was more restrictive than

if new materials had been used in the mix. The normal

asphalt cement used in Florida has been AC-20. The viscosity

[anme

-~ -

of AC-20 is approximately 2000 poises. The FDOT allows a

viscosity ratio of 4 to 1 for asphalt cement. This would

result in the AC-20 having up to a viscosity of 8000 poises

L)

after the Thirn Film Oven Test (TFOT). With this in mind, it - - - 4

=

would not make a lot of sense to have to keep the end-result

.
fs viscosity of the asphalt cement recovered from a recycled mix
Fan to a maximum of only 6000 poises. Therefore the change in

specification brings both the new and recycled mixes into

'; closer agreement on specification requirements.
The FDOT project 37120-3423 demonstrated two of the
!! basic methods for controlling the quality of recycled mix

) ;* through an end-result viscosity specification. To change the

{ df end result viscosity of the recycled mix, either the
!. visiosity of the recycling agent must be altered, or the
h percentage of RAP in the mix must be altered. This project
£§ demonstrated that if the viscosity of the recycling agent can
e not be reduced enough to obtain the desired end-result
:§ viscasity, then the percentage of RAP must be reduced.

91
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The aggregate gradations and Marshall properties of the

recycled mix are relatively easy to control and check at the

plant site. At the present time FDOT checks the end-result

viscosity of the asphalt cement in the recycled mix at their

o=

central lab at the Bureau of Materials and Research located
in Gainesville. This creates a problem in getting test
results back to the plant site in sufficient time to allow
problems to be corrected. By the time enough tesv results
are known to establish the fact that a change is reqguired. a

lot of tons of recycled mix will have gone through the plant

= = == -

and be in place.

This problem may not be as large as it may seem at first

-

é
L]

though. The mix properties as tested at the plant with the

Marshall apparatus are known very qgquickly and will alert the

=2

on site personnel that a probhlem may be or already has

developed. The recycled mix with a binder of slightly higher

b S M

viscosity than desired will still provide many years of

excellent service. The test results for the end result

viscosity will still be known in sufficient time by FDOT to

St ANt

keep a large problem from going urcorrected.
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CHAPTER SIX

HOT-MIX RECYCLING EQUIPMENT CONSIDERATIONS

INTRODUCTION
Hot-mix recycling reguires some differences in equipment
as compared to the use of asphalt concrete mixes made of all
new materials. This chapter is not meant to be a detailed
analysis of all construction equipment makes, models,
capabilities, production rates, etc., which can be utilized
in the hot-mix recycling process. Instead, it concentrates
on presenting an overview of the equipment considerations
which are required by the hot-mix recycling process.
Equipment for hot-mix recycling can be 1loocked at as
being divided into three categories as follows:
1. Removal and sizing
2. Reprocessing

3. Laydown and compaction

REMOVAL. AND SIZING
The first consideration is the removal and sizing of the
existing asphalt pavement material. There are two basic
methods for doing this. The first is to rip and crush the
pavement and the second is milling.
RIP AND CRUSH
In this operation, scarifiers, grid rollers, or rippers

are used to break up the pavement. The broken up pavement

@3
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material is then loaded into trucks and hauled to a central
location. The material can either be stockpiled for future
use or crushed and recycled right away.

This method is primarily used when the existing pasvement
is in such poor condition that the entire pavement section
requires reconstruction. It could alsoc be used when the
existing base must be replaced or reworked, where an existing
roadway is to be abandoned or realigned, where very hard
aggregate makes milling impractical, or even where an asphalt
overlay is being removed from an existing concrete pavement.

The drawbacks over milling include the fact that there
is increased traffic disruption, the material still must be
crushed in order to obtain appropriate sizings it is not well
suited to remove only a portion of the pavement, and if the
base is to remain in place this method will require some
rework of the surface of that base.

The advantages it has over milling include the speed of
removal of material from the project site and the fact that
it requires less sophisticated equipment and is therefore
less likely to be delayed by equipment breakdowns.

The pavement material broken up in this method must be
crushed and screened. Generally it 1s desired that the
maximun particle size be no more than 2 inches i1n diameter.
This will allow for proper mixing to teke place in the plant.
The crushing process must be careful that 1t minimizes the

increase in fine material or fracture new faces on the coarse

94




aggregate. The increased fines and new fractured faces would

require more new asphalt cement and virgin aggregate in the

- s

mix. None of the fines that exist in the material should be

lost in the operation since they will contain a large portion

doocr

of the reclaimed asphalt cement.

! MILLING
R

Milling 1is best used on projects where only partial

removal of the existing pavement is required, where minimized

E traffic disruptions are called for, or where the existinc
> base is to be kept intact. Milling has the capability to
ﬁ remove and size the pavement material in one operation.
Milling machines wusually employ a rotating drum with
E:- special teeth to cut the pavement to a predetermined depth
and size. Single pass cutting widths of up to 12 feet and
ﬁ depths of over & inches are possible depending wupon the
E design of the machine and the properties of the existing
pavement material.
!’ The size of the milled product will depend on a number
" of factors such as the number, type, arrangement, and
:-:, condition of the cutting teeth, the forward speed of the
? machine, the depth of cut and the properties of the existing
: pavement material. The milling operation will alter the
:3. gradation of the aggregate by increasing the percentage of

fine material. This must then be compensated through the

gradation of the new aggregate to be added to the mix. A
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small percentage of oversized chunks will result as well and

these must be scalped off before entering the plant.

- = Rx

The milling of just one lane followed by the paving

operation will minimize the potential for leaving long

‘EE?_‘

stretches of milled pavement open to traffic if delays occur.
If the milled thickness of the single lane exceeds 1 1/2
inches, there will be the additional benefit of better
compaction at the joint due to the lateral restrasint provided

by the other lane.

REPROCESS ING

&3

This section will discuss the stockpiling and handling

=g

-

of the milled or processed RAP as well as the types of planrts

D

used in the hot-mix recycling process. The two most common
types of plants used are the batch plant and the drum mix

plant.

STOCKPILING AMD HANDLING OF RAP

The height of the stockpile of RAP should be limited to

P

a maximum of about 10 feet. This will help to minimize the

[0
W
o material from sticking together due to dead lcad and high
'B ambient air temperatures. Additionally, loaders, dozers and
W

tructs should not be allowed on the stockpile for the same

A
(W

basic reason.

*
€

The RAP should also be protected from the westher to

f‘t‘ -~

help prevent wunwanted moisture from being absorbed. Often

times 1t would be wise to provide a protective covering over

|_AA
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the stockpile. Another very effective method to help
mirnimize moisture gain and excessive sticking, is to
coordinate the crushing or milling and the hot-mixing

operations so that the size of the stockpile 1is kept to a
minimum,
BATCH PLANTS

The technique used by batch plants in the hot-mix
recycling process is known as the heat transfer method. The
following is a brief outline of how the batch plant operates
when producing recycled mixes.

The new aggregate is proportioned in the cold feed bins
and is dried in a conventional aggregate dryer. From there
the new aggregate is conveyed to the hot storage bins. So
far this is the same as for new mixes except that the
aggregate is superheated.

The RAP is transferred from the stockpile to a separate
cold feed bin which has very steep sides. Generally no
heating or drying of the RAP is done at this point. The RAP
is then conveyed to the weigh hopper where 1t joins with the
superheated new aggregate. Heat transfer then takes place as
the proportioned materials are dropped into the pugmill. The
recycled mix does not normally reach full temperature
egitilibrium until after it leaves the pugmill. A surge bin
or storage silo help insure that this equilibrium is reached.

The amount of RAP that can be used in the recycled mix

depends on the moisture content and stockpile temperature of
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the RAP, the required final temperature of the recycled mix,

and the temperature of the superheated aggregste. If

o

conditions are such that the moisture content of the RAP is
] very low and the ambient air temperatures are high, up to 50
N

percent RAP can be used. A practical limit of 35 percent may

have to be assumed unless some auxiliary heating of the RAP

takes place.
This method helps to minimize air pollution, which 1is a

large concern with hot-mix recycling. The lower percent RAP

2 ==

which can be used is a drawback as compared to the drum mix

plants though.

=2

| DRUM MIX PLANTS

In a conventional drum mix plant, virgin aggregaste is

o

first proportioned at the cold feed, then dried. heated and

-’

mixed with the asphalt cement in a drum which has a burner at

one end. The aggregate enters the drum at the burner end and

[

is exposed to very bhigh temperatures from the flame and hot

gases. Initisal attempts of hot-mix recycling 1in these

convertional plants resulted in the RAP being exposed to

L% R

these very high temperatures and gases at the burner end of

F the drum. This caused large pollution problems due to high
emission levels. The aged asphalt cement was also burned and

e} hardened by this.

i A number of methods have been developed to handlie this

v
P problem and produce a good recycled mix. Some of these
\

e

-

8

ER




K

WS WITEW TN PV B T TTey T F T U RITTEFVFLT W ETYT Y TR YT UTTIT SR Sy TR TR VRS w TTw CTawrTeTTw

methods are the pyrocone system, the drum inm a drum system
and the center feed system.

In the pyrocone system, control of the heat transfer
rate at the burner end of the drum to prevent overheating of
the RAPRP, is provided. The system utilizes a cylindrical
combustion chamber with a conical heat shield ("pyrocone').
This unit 1is placed between the burner and the drum. This
system does work, however the pyrocones are expensive and the
productivity is limited.

In the drum in a drum system, a dual drum at the burner
end is created. The virgin aggregate enters through the
inner drum and comes into direct contact with the flame and

hot gases. The RAP enters through the space between the two

drums. In this way it is shielded from the flame and hot
gases. The RAP then has a chance to start heating up from
contact with the irnner drum. The RAP, new aggregate and

asphalt cement are mixed in the lower portion of the drum.
The center feed drum mix plant is probably the most
popular of the drum mix plants. In this plant, the new
aggregate enters the drum at the burner end, while the RAP
enters near the midpoint of the drum. At this point the RAP
can be mixed with the new aggregate without being damaged by
the flame and very hot gases of the burner. This i1is because
the new aggregate acts as a veil between the burner and the

RAP. The new asphalt cement is added just downstream of the
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RAP entry point. The mixing is then completed in the lower
half of the drum.

The center feed plants are made even more effective by
lengthening of the drum. This allows the RAP to be further
protected from burning and provides a longer resident time
for heating and mixing. These plants can handle up to 70

percent RAP in the mix,

LAYDOWN AND COMPACTION
The laydown and compacticn of recycled hot-mi» asphalt
concrete does not require any different equipment than with
new mixes., A properly designed recycled hot-mix should not

behave any differently than new mixes at this point in time.

CONCLUSION

The equipment considerations for hot-mix recycling
presented in this chapter show that all of the equipment
needed i1s currently available. There are not a large number
of additional pieces of eqgquipment that are required.

Milling machines probably represent the largest
equipment investment needed in the business. Existing plants
can be modified to handle recycled mixes at reasonable costs.
New plants can be purchased which are designed to be more
efficient in handling the recycled mixes based on economic
considerations. These plants and even modified plants can

still handle both recycled and new mixes.
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There appears to be no significant equipment constraints
which would slow down the spread or popularity of hot-mix

recycling.
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CHAPTER SEVEN

THE ECONOMICS OF ASPHALT HOT-MIX RECYCLING

INTRODUCTION

Cost is & major consideration when choosing the hot-mix
recycling process. This chapter will present the economic
facteors which must be considered. The main emphasis of this
chapter will be to show the comparison of the economics and
energy wusage of the hot-mix recycling proccess to the
conventional asphalt overlavy.

The cost advantages of hot-mix recycling have allowed
nimerous Departments of Transportation to stretch out their
limited budgets +to cover more rehabilitative work. The
Florida Department of Transportation (FDOT) showed an average
of a 25% cost savings when using hot-mix recycling.

While it is not always easy to determine the exact cost
savings. estimates can be made. The general information
presented in this chapter caen be used by the engineer to help
estimate the potential or actual cost savings on an asphalt
hot-mix recycling project. The results of cost and energy
savings from a FDOT recycling project (SR-25 project) will be

presented as an example.

ENERGY SAVINGS
Energy conservation 1is an item that has become very

important is this time of rising energy prices. Hot-mi~
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recycling can save substantial amounts of energy when

compared to conventional asphalt overlays or reconstruction.

In determining energy savings, many factors must be

considered for each project. Some of these factors include:
1. Amount of virgin aggregate required

2. Virgin aggregate haul distance

3. Amount of new asphalt cemernt required

4, Asphalt cement haul distance

S. Pavement removal method

6. Pavement crushing method

7. Haul distance from the project site to the nearest

pavement disposal site

8. Haul distance from the project site to the
crushing/mixing plant

9. Type of mixing plant

10. Moisture content of the RAP and virgin aggregate

The various haul distamnces listed above play s very
significant role in determining the overall energy savings on
any particular project. As the distarce the new aggregate
must be hauled becomes increasingly greater than the distance
between the project site and the mixing plant, the advsntages
of hot-mix recycling will increase to a significant extent.
The reverse will be true as well. As the distance between
the mixing plant and project site becomes increasingly

greater tham the distance between the mixing plant and the

103




B
k
i

T T

L

O |

2

I
[

S |

G T bm ey

4|

- e J.,,_. '-,-‘...I\“.:. \J;- ...‘-":\ I e -"f‘?\ LY % A e Y ) ‘ [ FRTLY Y'- p - F{'\.-*-._-‘p -
"v“"'."'ll,‘i!“,v . ."""'f o s ¥ q NAATY , >, " ( | ..,'!h to¥ .Wﬂ‘! .‘!lh‘ I\ ,k! \!“h !0;! W -. ,'

source of new aggregate, the advantages of hot-mix recycling
will reduce significantly.

Tables B, ? and 10 show the estimated energy consumption
for both & conventional hot-mix overlay and a recycled hot-
mix, This data was compiled by Mr. K, Murphy of FDOT based
on the GSR-25 hot-mix recycling project in Florida. These
tables are meant to provide a general example of how energy
savings could be calculated. These calculations would have
to be modified to meet the specifics of a particular project
an engineer may be interested in though.

Table B8 shows the estimated energy consumption for
conventional hot-mix overlay. Table @& shows similar
information for the recycled hot-mix. Table 10 then shows a
summary of the energy savings based on the figures developed
in Tables 8 and 9.

This project showed an overall energy savings of 45.8
percent for the recycled mix as compared to the conventional
overlay. These savings were highly dependent upon the haul

distances involved and the materials which were conserved.
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JABLE 8

ESTIMATED ENERGY CONSUMPTION FOR CONVENTIONAL HOT-MIX OVERLAY

s &5 BT

(FROM RUTH-SCHWEYER ASSOCIATES, INC., 1980)

1. Aggregate Production and Hauling BTU/Ton

oG

A. Type 5-1 Surface Course
h S50% Crushed Stone @ 70,000 BTU/Ton ' 35,000

25% Crushed Stone Screenings @ 70,000 BTU/Ton 17,500

&%

29% Local Sand @ 15,000 BTU/Ton" 3,750

Delivery to Plant:
Crushed Stone, (106 mi) (0.5)(1360 BTU/Ton Mi) 72,080
Screenings, (80 mi)(0.25)(1360 BTU/Ton Mi) 27,2920
Total for Type S-1 Surface Course 155,530
B. Type 111 Lteveling Course
20% Crushed Stone @ 70,000 BTU/Ton 14,000
S5% Crushed Stone Screenings @ 70,000 BTU/Ton 38,500
25% Local Sand @ 15,000 BTU/Ton*" 3,750
Delivery to Plant:

Crushed Stone., (106 mi)(0.2)(1360 BTU/Ton Mi) 28,832

Screenings, (80 mi)(0.55) (1360 BTU/Ton Mi) 52,840
Total for Type III Leveling 144,922

cC. Asphalt Cement
Manufacturing 587,300

Delivery to Plant:

Asphalt Cement, (192 mi) (1960 BTU/Ton Mi) 376,320

E Total for Asphalt Cement 263,820
ﬁ *# - includes energy consumption to stockpile
105
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TABLE 8 (CONTINUED)

2. Asphalt Concrete Materials BTY
A, Type S5-1 Surface:
Asphalt Cement, &.0%, 28,171 Tons of Hot-mix
(0.06)(28,171)(963,820 BTU/Ton) 1,629,106,000
Aggregate, 94.0%
(0.94)(28,171) (155,530 BTU/Ton) 4,118,549,000
B. Type 111 Leveling:
Asphalt Cement, 7.0%, 9,727 Tons of Hot-mix
(0.07)(9,727)(963,820 BTU/Ton) 656,255,000
Aggregate, 93%
(0.93)(9,727) (144,922 BTU/Tonr) 1,310,98C,000
Total Energy for Aggregate and Asphalt 75714,890,000

3. Plant Operation for Conventional Asphalt Concrete

A. Fuel Consumption, 2.5 gal. diesel fuel/ton hot-mix
(2.5)(37,898 Tons) (139,000 BTU/Ton) 13,169,555,000
B. Electricity:

($0.14/Ton) (37,898 Tons) (3415 BTU/KWH)

($0.045/KWH) 402,645,000

Total Energy for Plant Operations 13,572,200,000

4. Field Operstiaons for Conventional Asphalt Concrete

A. Haul, Hot-mix

(8 miles) (1723 Trips)

4.25 mpg diesel fuel 3244 gals.
B. Compaction: Three Rollers @ @ gal./hr.

(3)1(2) (240 hrs) 1440 gals.

106
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TABLE 8 (CONTINUED)

4., {(continued)

| C. Paving Machine: @ 3.5 gal./hr.
" (3.5)(240 hrs) 840 gals.
3]
Total Diesel Fuel 5524 gals.

Total Enerqy for Field Operations:

(5524 gals.) (139,000 BTU/gal.) 767,836,000 BTU

S. Shoulder Material BTU

A. Local Sand, Excavate and Stockpile:
(15,000 BTU/Ton) (23,620 Tons) 354,300,000

B. Haul Trucks:

X &8 =2

(8 miles) (2437 Trips) (139,000 BTU/gal)

)
k- 4.25 mpg diesel fuel 637,593,000
ﬁ Total Energy for Shoulder Material 991,893,000
g; 6. Summary: Energy Consumption, Conventional Asphalt Concrete
\.
i
Total Percent Energy

! Operation Energy, BTY BTY/Ton Reguirement
ra A. Materials 7+714,890,000 203,600 33.5
3 B. Plant Operations 13,572,200,000 358,120 58.9

C. Field Operations 767,836,000 20,2460 3.3
LY

D. Shoulder Work 991,893,000 - . 4.3
A
o Totals 23,046,819,000 581,980 100.0
LX)
i
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JABLE 9
ENERGY CONSUMPTION FOR RECYCLED HOT-MIX
(FROM RUTH-SCHWEYER ASSOCIATES, INC., 1980)

1. Milling 33.35 Lane-Miles of Existing Pavement, 2.5 inches

A. Milling Machine:

(30 days) (200 gal diesel fuel/day) 6000 gal.

B. Haul Trucks: (8 miles) (1182 Trips)
4.25 mpg of diesel fuel 2225 gsal.
Total Diesel Fuel Consumption 8225 gal.

Total Milling Energy:
(82251 (139,000 BTU/gal) 1,143,275,000 BTU

2. Recycled Asphalt Concrete Materials, 3 inches, (35,3530 Tn)

A. Manufacture Asphalt Emulsion (3.7% used in mix):
({506,100 BTU/Ton) (0.037) (35,550 665,324,000

B. Delivery of Asphalt Emulsion to Plant:

(192 miles) (1960 BTU/Ton mile) (35,530)(0.037) 494,714,000

cC. Local Sand (34.1%). Excavate and Stockpile:

(15,000 BTU/Ton) (35,550)(0.341) 181,736,000

Total Asphalt and Aggregate Energy (BTU) 1,341,774.C00

3. Plant Operations for Recycled Asphalt Concrete(35,3530 Tn)

A. Fuel Consumption, 1.8 gal diesel fuel/ton hot-mix:
(1.8)(35,530)(139,000 BTU/gal) 8,889,606,000
B. Electricity:

($0.14/t0n) (35,930) (34135 BTU/KWH)

($0.045S/KWH) 377,486,000
Total Ermergy for Plant Operations ?,267,092,000
108
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‘é TABLE 9 (CONTINUED)
4. Field Operations for Recycled Concrete (35,530 tons)
i A. Haul: hot-mix, plant to paver and return
t‘: (B8 miles) (1615 trips)/4.25 mpg diesel fuel 3040 gal.
* B. Compaction: three rollers @ 2 gal/hr
g (3)(2)(240 hrs) 1440 gsal.
i C. Paving Machine:
>
$ (3.5 gal/hr) (240 hrs) 840 gal.

Total Diesel Fuel 5320 gsal.

o

Total Energy for Field Operations:

KZ=

(5320)(¢(139,000 BTU/gal) 739,480,000 BTU

PP

S. Summary: Energy Consumption of Recycled Mix

=

Percent Energy

~ Operation Enerqy, BTU BTU/Ton Requirement
A. Milliﬁg 191‘03;2759000 38,1‘/\3 9.2

! B. Materials 1,341,774,000 37,765 J.7

B C. Plant Operations 9,267,092,000 260.824
D. Field Operations 739,480,000 20,813 5.9
Totals 12,491,621 .000 351,580 100.0
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TABLE 10
SUMMARY OF ENERGY SAVINGS (SR-25 PROJECT)

(FROM RUTH-SCHWEYER ASSOCIATES, INC., 1980)

P EE TR e

Energy, BTU for 33.35 Lane Miles

Operation for Conventional
. SR--25 Project Overlay Recycling
E Milling and Materials 75714,890,000 2,485,049,000
E Plant Operations 13,572,200,000 9,267,092,000
y Fieldd Operations 1,759,729,000 739,480,000
z

Totals 23,046,819,000 12,4721,621,000

A

Energy Savings

s

[f; Operation for % For Each % of
SR- 25 Project BTU Opersation Jotal
! Milling and Materials 5,229,841,000 &7.8 49.5
s Plant Operations 4,305,108,000 31.7 40.8
i'.‘ Field Operations 1,020,249,000 58.0 9.6
g
Totals 10,555,198,000 435.8 100.0
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COST SAVINGS

Saving energy is a large part of cost savings in a hot-
mix recycling project. It ie not the only factor which must
be considered though. The entire hot-mix recycling process
must be reviewed and evaluated based on other cost sensitive
elements as well.

The overall economic gain for a recycling project can be
analyzed through:

1. The reuse of milled or processed RAP.

2. The savings in cost for new materials (asphsalt
cement and aggregate).

3. The reduction in hauling costs if it is possible to
schedule trucks to carry milled material to the plant or
stockpile and recycled hot-mix back to the project site.

4, The savings that c¢an occur by locating high
production portable plants nearby the project site to reduce
haul distances.

The existing pavement materials have a total dollar
value. This total dollar value will fluctuate with the
prices and availability of the asphalt cement and aggregate.
The total dollar value of this material must then have
reclaiming costs subtracted from it to provide the actusal
dollar value. Most agencies make it part of their recycling
contracts that the RAP will belong to the contractor. The
contractor must account for the actual dollar value of the

RAP in his bid. The lower the value the contractor places on

T A TN AR T Ty ) gt , R, NN ;’J(




this RAP, the higher his bid will be. This would allow for a

e

larger profit margin but would also mean that if biddirg 1in

the area is competitive, he could lose the bid.

The savimngs in cost for new materials is reflected in

NGtk

the percentage of RAP used i1n the recycled mix. The higher
the percentage of RAP, the greater the savings. The

contractor who has the drum mix plant can produce a mix with

3 greater percentage of RAP than can the contractor with the

batch plant. This could give him a8 distinct advantage during

. %

bidding.

Hot-mix recycling offers the potential to schedule the

trucks on the project to haul RAP (mainly 1in the case where

milling is used) to the plant and then haul recycled hot-mix

A A

back to the project site. This would require coordination of

i both of these gperations. This is very possible to do 1if the
tg milling operation works from one half to orne day ahead of the
paving operation. This can result in 8 cost savings in

hauling these materials.

It has already been discussed that the haul distances

k] ,'L‘

between the plant and the project site, as compared to

between the plant and source of new aggregate, plays a

significant role in the advantages of hot-mix recycling. If

a8 high production portable plant can be placed nearby to the

mxr

project site, the potential for large savings in bauling
costs goes up significantly. The actual savings will depend

on the particular site in question.
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All of these items added together represent a rather
significant potential cost savings for hot-mix recycling.
Table 11 is presented to show a sampling of cost and energy
savings from various actual recycling projects. These
savings are based on data provided in the Federal Highway
Administration (FHWA) Demonstration Project DP-39-15 Report
and as found in the FDOT SR-25 project.

Table 11 shows that there can be considerable variation
in cost and energy savings between various projects.
Variations are to be expected when the factors of job
location, hauling costs, mix design, efficiency of the plant
and paving operation, competitiveness in bidding, and
procedures used to evaluate cost and energy savings, are
taken into account.

TABLE 11

COST AND ENERGY SAVINGS FOR HOT-MIX RECYCLING PROJECTS

Cost Total Energy Total
Project Savings Cost Savings Energy
Size, Tons ($/Ton) Savings,$ BTU/Ton Savings,BTU
2.92 Ea4 4.02 1.01 ES - -
4.79 Ea4 3.05 1.46 FS 7.06 E&4 3.38 E9
6.07 E4 0.98 5.98 E4 2.50 E3 1.52 €8
.21 Eu 3.29 1.39 ES - -
1.07 ES 5.16 5.53 ES 2.67 E4 2.86 E9
3.55 ES- 8.43 2.99 ES 2.57 ES 10.56 €9

# SR-2S project values were high due to short haul distances.
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CONCLUSION

The cost and energy savings of a particular project may
be difficult to calculate due to the number of assumptions
which must be made in the calculations. What is not hard to
see is the fact that hot—-mix recycling does have significant
potential for saving both energy and total cost on a project.
The end results for the projects listed in Table 11 can bear
that out.

This chapter has attempted to highlight some of the more
important factors which must be considered in the hot-mix
recycling process. The two i1tems which have the most
significant impact on the overall savings potential are the
haul distances involved and the percentage of RAP in the mix.
By concentrating on these aresas, it is possible to erable the
engineer to make same yvough economic calculations when

choosing a rehabilitation method.
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CHAPTER EIGHT
CONCLUSION

\This paper has looked at the various key elements of the
asphalt hot-mix recycling process. A number ot observations
conrerning the entire process have been made.

The first of these items i1is that the asphalt hot-mix
recycling process should be viewed as one of a number of
rehabilitative alternatives. The advantages and
disadvantages of the various rehabilitative alternatives,
including hot-mix recycling, must then be kept in mind when
choosing the best alternative for the given situation. _

When hot-mix recycling has been chosen as the
rehabilitative method for the particular project, obtaining

representative samples of the meterials involved then becomes

crucial. Recycling projects can be expected to exhibit
variability in material properties. To quantify this
varisbility, the existing construction and maintenance

records need to be reviewed and thenr a sampling plan needs to
be develaped. The plan must take 1into account the
information found in the original construction and
maintenance records and then should select sampling locations
by means of a random method. This characterization of the
existing materials will then become the basis of the mix

design process.
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Recycled hot-mixes can be designed  ith confidence once
the existing materials are characterized. There are standard
procedures in existence which have proven themselves to be
effective. The mix design methods as published by The
Asphalt Institute are the standard. Many small variations to
account for local practices and materials are possible
though. The mix design procedures presented in this paper
point out some of these variations. The mix design should
aim for allowing the highest percentage of RAP as practical.

The use of recycling agents is a cause of concern in
some states. While various states and organizations have
developed some guidelines for them, no American national
standards exist at the present time. The ASTM is presently
finalizing standards on recycling agents. Establishment of
these standards could do a lot to help boost the confidence
of wvarious agencies around the country in the use of
recycling agents. Recycling agents allow for the greatest
flexibility in the design of recycled hot-mix.

Quality control measures are very important in hot-mix
recycling. Steps such as FDOT have taken in establishing an
end-result viscosity specification are very important. This
can guard against all kinds of problems from improper asphalt
cement blending and poor recycling agents, to processing
deficiencies such as damage by overheating. Sampling at the
plant and after the recycled mix has been laid and compacted

are very important quality control measures.
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There are no major equipment considerations which should
stand in the way of increased hot-mix recycling. Milling
machines are the only new independent pieces of equipment
used to a large degree. Existing plants can be modified to
produce recycled mixes. Some of the newer planrnts are
designed right from the start to handle both new and recycled
mixes. Drum mix plants have the benefit of being able to
produce recycled mixes with larger percentages of RAP than
can be produced in batch plants.

The exact economic benefits of hot-mix recycling can be
difficult to determine due to the large number of assumptions
which must be made in calculating costs and choosing the
appropriate alternastives to compare. The haul distances
involved as well as the percentage of RAP to be used in the
mix will be the key points to consider when looking at costs
though. As the distance between the source of new aggregate
and the plant becomes increasingly larger than the distance
between the plant and the project site, the advantages of
hot-mix recycling increase significantly. The larger the
percentage of RAP in the mix, the greater the cost savings
can be as well. High production portable plants, which can
be located near the project site, have a high potential for
providing significant cost savings in hot-mix recycling.

When all of these items are looked upon as a whole, the
advantages( of hot-mix recycling greatly outweigh the

disadvantages. It 1s easy to understand why some states such
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as Florida and Wisconsin (to mname only two) have fully
endorsed hot-mix recycling as a cost effective and
technically sound pavement rehabilitative method. The trend
established by FDOT in combining their asphalt specifications
to include both recycled and mew mixes has gone a long way
towards standardizing hot-mix recycling.

It is a bit harder to understand why all states have not
done this. Perhaps one good reason may be that some states
are waiting to see the long term analysis of life c¢ycle and
costs associated with hot-mix recycling. Ten year figures on
large gquantities of recycled mixes should start to become
available within the next few years.

Positive results published from this data, along with
the once again upwardly climbing prices for o0il, should

combine to push hot-mix recycling to new heights. The future

of hot-mix recycling looks to be very bright.
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